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INSPIRE 


Get inspired by Celestron! The ultimate telescope for the novice 
to intermediate astronomer, the Inspire range is loaded with 
exciting new features. The innovative lens cap converts to a 
universal smartphone adapter for imaging with your phone. 
The mount has a built in red flashlight to illuminate aia 
accessory tray. Conveniently, the flashlight is 3 ¥ 
also easily removable for use independently. 





Available apertures: 7Omm, 80mm and 100mm 
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ASTRO FI. 


Celestron is not only changing the way 

we experience astronomy, but we're also 
changing the way you interact with the night 
sky. The Astro Fi range can be controlled with 
your smart phone or tablet using the free 
Celestron SkyPortal app! It's never been more 
fun to explore the universe! 


Available apertures: 90mm, 102mm and 130mm 
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Available from: 


iPAD and iPHONE SHOWN 
NOT INCLUDED. 








Fi Telescopes 01795 432702 
First Light Optics 01392 791000 
Green Witch 01924 477719 / 01767 677025 
Grovers OpticsShop 01609 898098 Astro Fi 130mm Newtonian 
Harrison Telescopes 01322 403407 
Rother Valley Optics 01909 774369 
Sneezums 01284 752 634 
Tring Astronomy Centre 01442 822997 
The Widescreen Centre 020 7935 2580 


Celestron is distributed in the UK & Ireland by David Hinds Limited. Trade enquiries welcomed. 


Www.celestron.uk.com ~ @David Hinds Ltd 


Celestron®, Inspire™ and Astro Fi™ are registered trademarks or trademarks of Celestron Acquisition, LLC in the United States and in dozens of other countries around the world. All rights reserved. 
David Hinds Ltd is an authorised distributor and reseller of Celestron products. The iPhone®, iPad® and App Store are registered trademarks of Apple Inc. Google Play is a registered trademark of Google Inc. 


It's one of the 
first targets that 
any beginner 
astronomer looks 
, to on their very 

: first tour of the 
night sky; it’s the host of dried-out 
lakebeds and bears the scars of space 
rocks that have smashed into its 


rugged, chalky surface. I am, of course, 


talking about our companion on our 
lap around the Sun: the Moon. 

While it's easy to take its monthly 
appearance for granted, its very 
composition and structure can tell us 
a lot about how it was made in the 
construction yard of our early Solar 
System, when a Mars-sized planetary 
object - dubbed Theia - smashed into 
our young Earth. This issue, we reveal 
the new evidence that suggests our 
initial theories of how the Moon was 
made may not be as accurate as we 
thought. Turn to page 16 to find out 
how one of the biggest crashes in our 


Keep up to date 


www.spaceanswers.com 


\ Welcome to issue 59! 


solar neighbourhood didn't only give 
us our Moon, but could be a reason for 
the existence of life on our planet. 
Speaking of our existence in the 
universe, All About Space sets off on 
the trail of the so-called missing part 
of the cosmos: antimatter, the ying 
to matter's yang, which were both 
supposedly made in equal measure 
after the Big Bang. Clearly, if this were 
the case, then planets, galaxies, stars 
and humans wouldn't exist. There 
was a higher proportion of matter, so 
where did the rest of the antimatter 
go? We head over to the scientists at 
CERN, home of the particle-smashing 
Large Hadron Collider, to find out. 
Merry Christmas and enjoy the 
issue... See you on 5 January 2017! 
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Gemma Lavender 
Editor 
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Colin Stuart 

This issue, we take a look at 
the almighty crash that made 
our Moon. Colin discovers that 
astronomers have found out 
more information about the 
evolution of our natural satellite. 


Kulvinder Singh Chadha 

What happened to the 
antimatter? Kulvinder is on the 
case and heads to CERN to 
uncover the answer toa great 
mystery of the universe. 





Jonathan O'Callaghan 





With the New Year almost 
Ss upon us, Jonathan highlights 
a. the new mission launches 


-~  andstargazing events of 2017 
a” Don't miss them! 


Giles Sparrow 
Giles reveals the real-life Star 
-. Wars worlds in our universe 

_ —__ ~from Death Star-like Mimas 
5 to Tatooine-like Kepler-16b - 

a ahead of Rogue One's release. 
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Massimino is photographed from an aft 
flight deck window of the Space Shuttle 
Atlantis during the mission's fourth 
session of EVAs working on Hubble 


T felt this 
science- 
fiction 
monster had 
etabbed me 
and was 
taking me far 
away from 
home’ 


Mike Massimino, former 
NASA astronaut and Space 
Shuttle veteran [page 42] 
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New evidence 

suggests the 
2003 Mars mission Beagle 
2 didn't crash, NASA’s 
James Webb Space 
Telescope is completed, 
and more stunning 
images of the universe 
are a few pages away! 
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| “There is a high feasibility that the X-37B 
contains intelligence-gathering sensors 
such as radar, optical and infrared” 


Brian Weedon 
Technical advisor for Secure World Foundation 
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Your complete guide to the night sky 
What's in the sky? 


The ever-darkening skies offer an 
enormous selection of events 
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The worlds of our Solar System 
become visible at dawn and dusk 


Moon tour 
Discover one of the Moon's most 
spectacular mountain ranges 
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Now is the time to catch Orion's 
splendours - without the need of 
large magnification 
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Get pin-sharp astroimages with a 
little know-how 


Deep sky challenge 
Peer deeper into the Orion 
constellation than ever before with 
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Venus shows phases much like our 
Moon. Learn how to record them 
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Rise of the 
supermoon. 


AMERY] dlareae le ces at =) 0 ln (=)V7 
Harbour Bridge, Australia, pauses 
to watch the rise of the biggest and 
brightest supermoon in almost seven 
decades, while photographer, Jason 
Reed, captures the jaw-dropping scene. 
A supermoon occurs when our lunar 
companion makes its closest approach 
to Earth on its elliptical orbit, known as 
oye] grexoroMm =e ee] ON Em Ole) a Tyee 
At such a time, the Moon can look larger 
than usual - especially when it's seen 
just clearing the observer's horizon. 





The supermoon rises behind the Soyuz rocket, which ferried NASA astronaut Peggy Whitson, Russian 
cosmonaut Oleg Novitskiy and ESA astronaut Thomas Pesquet to the International Space Station in November 
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- Famous for hosting eee Ti etn 4 are 
STE such as.the Tucana Dwarf Galaxy and ‘i 
Wy aitevar se dato second pyar globular 
Demers Ra stl ues om etn ee 
meelssce Lilo teiatele-i RG Toucan), ce 
oles a variety of cosmic beauties. 
This includés NGC 299, an open star ate =li , 
~. located within-the Small Magellanic Cloud, 
ewhich is less than 200,000 light years NE 
* «Open clusters are collections of stars that eT ae 
Nea bound to each other by ares (0) 
rar NAP Melman (eM itr s10n >= 1H LET ANN f 
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sete e oot 
galactic eye 


It's a fact that astronomers spend their 
time gazing out into space, but occasiona 
it appears that the universe is lookin 
DeVoe CR CH nel kolme Beeline) 7 
galaxies, known as IC 2163 ( 
2207 (right), shows. * 
Resembling eyes and locatec 
UO aM NR lE-\ EVAR Uae 
of Canis Major, the galaxies have bt 
past each other, scraping the oute 











their spiral arms and c using IC 7 — 
behind NGC 2207. As the pink colourin e. bal = 
points out, the g 1 Mes <> ee 
a wave of stars and gas to produce dazzling = 


ribbons of intense star formation along 
with compressed ridges of gas and space 
dirt, which resemble cosmic ‘eyelids’. 

The image is the combined efforts of 
the Hubble Space Telescope laced with 
data from the Atacama Large Millimeter/ 
submillimeter Array (ALMA) in the desert 
of northern Chile. . 
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NASA's JWST 
is completed 


Looking like a completed puzzle, the 18 
hexagonal mirrors of the James Webb Space 
| Telescope (JWST) stand in the massive clean 
room of NASA's Goddard Space Flight Center 
in Greenbelt, Maryland. It is hoped that the 
telescope, which will operate in the infrared 
wavelengths, will be able to solve some of the 
biggest mysteries of the cosmos - including 
how galaxies assemble over billions of years, 
how planetary systems are born, and what 
the atmospheres of planets beyond the Solar 
System are made of. a 
Here, the JWST, which will be able to peer 
back over 13.5 billion years to see the very first 
Stars and galaxies forming, is mounted upright 
after a ‘centre of curvature’ test. This initial fe 
phase in the telescope's testing ensures integrity IM 
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and accuracy, and will be repeated later on to i 
> verify those same properties after the structure 5 ae 


undergoes launch environment testing. 
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Aurora over Iceland ? "9 


The Northern Lights whirl and twist in shades of dark and 
| pale green along with patches of white above the sleepy * 
Icelandic town of Selfoss below. It was astrophotographer, 
David Necchi, who caught the aurora in action. An aurora 
is seen when large bursts of energetic atomic particles 
erupt from the Sun and hit the planet's atmosphere. It is 
these atoms that filter down through the protective layers 
| surrounding Earth - such as the region of space dominated 
, by the magnetic field, the magnetosphere - and interact 
| with the air particles found below in the atmosphere. 
This aurora in particular was linked to a solar storm, 












which caused an especially large and sudden outpouring 8 
of particles into our atmosphere, creating an intense and A 
| unusually bright display over Iceland. eS 
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Hubble's new 
view of the Little 
Gem Nebula 


The Little Gem Nebula shows off its stunning 
turquoise and rose quartz tones in this image 
snapped by the Hubble Space Telescope. While 
NASA and ESA’s long-serving mission has imaged 
the nebula - also known as NGC 6818 - before, it 
recently took another look using a new mix of colour 
filters, which display the cosmic object's full beauty. 
The Little Gem Nebula is no ordinary star-forming 
region; it's a planetary nebula that was created 
some 3,500 years ago, when a Sun-like star reached 
the end of its life and ejected its outer layers into 
space. The ‘uneven’ filaments you see are where 
layers of stellar material have spread out from the 
nucleus, leaving behind a white dwarf centrepiece. 
BW at=eo1c) |e] oal eral ae] mae) le ae] (0) a= Mn Lar) 
a faint stellar companion around 150 astronomical 
units away, or five times the distance between the 
Sun and Neptune. The planetary nebula itself is just 
over half a light year across and releases a high- 
speed flow of particles, known as a stellar wind, 
which is responsible for the oval shape of the Little 


Gem Nebula's central region. 
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Beagle 2 may not have crash-landed 13 years ago, as 
once feared. That's according to new Tesearch, which 
looks set to vindicate the efforts of Professor Colin 
Pillinger and his team. Fresh analysis suggests the 
probe didn't stop communicating on 25 December 
2003 after it separated from the Mars Express 
Orbiter - it was thought that it had smashed into 
pieces on the planet's dusty surface, never to be 
seen or heard again. Instead, it appears that it not 
only survived but actually started to work. 
Researchers have been examining images from 
the HiRise camera on Mars Reconnaissance Orbiter, 
which were taken in 2014. When the photos were 
initially taken, it appeared to show something shiny 
on the Red Planet, which researchers claimed in 
January 2015 to be Beagle 2. This suggested that, far 
from smashing up on impact, the probe had indeed 
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=had indeed landed intact= -— 


landed intact. But hard work and determination by 
scientists from both De Monfort University and the 
University of Leicester suggests that was only part 
om daTomKO) AYA 

They have been using commercial three- 
dimensional modelling software to study simulated 
photos of Beagle 2 in various configurations and 
from different angles. By matching these to the real 
images, they came to the conclusion that the lander 
had deployed at least three of its four solar panels. 
This, they said, could have hindered the antenna, 
providing an explanation for its enduring silence. 

“We have gathered more information on the 
failure of Beagle 2 to communicate, and we are 
one step closer to knowing what happened,” says 
Mark Sims, a professor of astrobiology and space 
instrumentation at the University of Leicester, UK, 


who commissioned the study. “In reality, we may, of 
course, never know exactly what caused its failure 
to communicate after what has been confirmed as 

a successful landing, which was, indeed, a fantastic 
achievement by the Beagle 2 team.” 

Sims was Beagle 2’s mission manager and so he 
was heavily involved in ESA's Mars Express mission, 
which hoped to collect soil samples and analyse 
them on its built-in lab. The idea was to test for 
organic molecules, which would point to signs of 
life, while studying the Red Planet's geology and 
weather. Its failure to do so mirrored the heartache 
felt by the Schiaparelli lander team, which did 
indeed crash on 19 October 2016. Thankfully, The 
Mars Express Orbiter succeeded in orbiting Mars, 
gathering valuable scientific data - a role it continues 
to do to this day thanks to six mission extensions. 


www.spaceanswers.com 








Gravity may be an illusion 


The Hubble Space 
Telescope shows the 
distribution of dark 
Vee LaKc) elm oRec) eK 
of the galaxy cluster 
Abell 1689. Or does it? 


Anew theory could explain away dark matter, says scientists 


A new study of gravity has emerged, 
which may shed light on the existence 
of dark matter - perhaps pointing to 

it not existing at all. It could clear up 
debate over what is thought to be a 
mysterious substance - something that 
scientists have never observed, despite 
suggestions that it makes up 27 per 
cent of the universe. 

Professor Erik Verlinde, of the 
University of Amsterdam and the 
Delta Institute for Theoretical Physics, 
says the curious motions of stars 
in the galaxies we can observe can 


‘Impossible’ 
fuel-less space 
engine could 
really work, 
says NASA 


The controversial 
EmDrive looks to have 
generated some thrust, 
much to the surprise of 
many scientists 


A controversial fuel-less engine 
invented by British engineer, Roger 
Shawyer in 2003 could well work. 
Shawyer's idea for a space engine that 
does not need propellant or fuel to 
produce thrust had seemed impossible 
- it was labelled more science fiction 
than fact since it appeared to go 
against the laws of physics - but that 
now appears not to be the case. 

The cone-shaped EmDrive needs 
to gather electricity from solar power 
to bounce microwave photons around 
its closed interior. The idea is the 
waves hit the larger end, meaning 


www.spaceanswers.com 


be predicted without bringing dark 
matter into the equation. Rather, the 
inconsistencies can be accounted 

for by applying ‘emergent gravity’. It 
suggests gravity is a side effect of the 
processes that make up the cosmos, 
rather than a fundamental force of 
nature. To understand this, think of it 
as being similar to temperature, which 
is dependent on the movement of 
microscopic particles. Verlinde adapts 
the holographic principle and proposes 
that fundamental bits of information 
are stored within the structure of 


the photons should produce the 
smallest of forces, thereby causing 

the pointed end to propel forward in 
the opposite direction. This, scientists 
said, violated Newton's third law - “for 
every action, there is an equal and 
Opposite reaction” - because there is no 
expulsion of exhaust. 

And yet, NASA researchers are 
understood to have conducted an 
experiment on the space engine, 
only to find that they could actually 
measure some thrust. It produced 1.2 
millinewtons of force per kilowatt 
of energy and it gives credence to 


Space-time and that gravity emerges 
from changes to that data - therefore, 
it is not causing the processes, but 
instead, it is reacting to them. 

“We have evidence that this 
new view of gravity agrees with 
the observations,” Verlinde says, 
suggesting excess gravity is created 
due to the movements of subatomic 
particles. “At large scales, it seems, 
gravity just doesn't behave the way 
Einstein's theory predicts.” If proved, 
then the idea would radically alter how 
we view space, time and gravity. 


The EmDrivehas 
been unfavourably 
compared to a science 
fiction “faster-than- 
light” warp drive 


the suggestion that it doesn't, in fact, 
violate Newton at all. 

Shawyer's company, Satellite 
Propulsion Research, claims the 
thrust produced is not a reactionless 
force: “The thrust is the result of the 
reaction between the end plates of the 
waveguide and the Electromagnetic 
wave propagated within it.” If true, 
and the technology really does work, 
it would be fantastic for space travel. 
There is a possibility that it could be 
used to fly to the Moon in four hours 
and Pluto in 18 months, without the 
need for a propellant. 
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Los Angeles prepares 
for asteroid strike 
NASA and the Federal Emergency 
Management Agency have worked 
with other government agencies 

to simulate what would happen if 
a fictitious asteroid were on course 
to impact Earth in 2020. Basing 
their exercises on Los Angeles, 
they looked at the various stages 

of response, bearing in mind that it 
could potentially destroy structures 
across a range of 48 kilometres (30 
miles) and result in mass injuries. 





‘Cosmic whistles’ 
release a lot of energy 


Fast radio bursts - or cosmic whistles 
as they are also known - were first 
discovered in 2007, and generate 
vast quantities of energy in just a 
few milliseconds. Astronomers from 
Penn State University have now 
found they also release 1 billion 
times more energy in gamma rays as 
compared to radio waves, pointing to 
their source. 


Team suggest light 
signals could be 

alien life 

Astrophysicists Ermanno Borra and 
Eric Trottier from Laval University, 
Canada, say they have matched the 
predicted shape of extraterrestrial 
intelligence signals from 234 stars 
emitting odd pulses of cosmic 

light. It has led to a good dollop of 
scepticism, although some have said 
the detections are worthy of further 
study... just in case. 


Comets largely 
unchanged from early 
Solar System 


Astronomers at the John Hopkins 
University Applied Physics 
Laboratory in Laurel, Maryland, have 
found similarities and relationships 
between various types of chemicals 
found on 30 different comets, 
including some chemical ices 
regularly appearing alongside other 
chemicals in a correlated manner. 
“This relates to how the chemicals 
are stored together in the nucleus,” 
says Neil Dello Russo of JHUAPL. 
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This image shows protoplanetary discs 
observed using SPHERE 


New light shed on 
planetary evolution 


Observations by ESO's VLT 
show newborn planets shaping 
protoplanetary discs 


New images taken by ESO's Very 
Large Telescope reveal a snapshot of 
the complex dynamics of young solar 
systems. The images, taken by the 
Spectro-Polarimetric High-contrast 
Exoplanet Research (SPHERE), are 
among many shedding new light on 
how planetary systems are made. 

To study planet formation, we can 
look at the protoplanetary discs around 
newly formed planets. SPHERE has 
enabled us to see how the interactions 
between the young planets and the 
discs create vast rings, spiral arms or 
shadowed voids. RX J1615, a young star 
some 600 light years from Earth, can 
be seen within a complex system of 
concentric rings that resemble those 
around Saturn. What's more, the system 
appears to be just 1.8 million years old. 
A young star 500 light years away, 
named HD 97048, also has a disc of 
concentric rings. The symmetry of this 
star and RX J1615 is surprising, as most 
protoplanetary systems are known to 


be asymmetrical. Observations like this 
should deepen our understanding of 
planet formation. 


14 


It has long been thought that stars 
of different masses are formed by 
different mechanisms - but now it 
seems they may have been created 
in the same way. Lower-mass stars 
are believed to form through the 
gravitational collapse of dense cores 
of large molecular gas clouds, for 
instance. Yet there is a struggle to 
understand how the larger stars are 
created, as the outward force of a 
massive star's radiation exceeds that 
of the gravity, which pulls in matter. 
As such, scientists have believed 
the accretion discs around stars of 


bh . 





higher mass would not survive 

that a different process would be 
needed to create them. Observations 
from the Gemini Observatory appear 
to contradict that, however. Combined 
with data from SOFIA, Calar Alto and 
the European Southern Observatory, 
there is strong evidence of episodic 
explosive outbursts within accretion 
discs during the formation of very 
massive stars. 

“These outbursts, which are 
several orders of magnitude larger 
than their lower mass siblings, can 
release about as much energy as our 





Sun delivers in over 100,000 years,” 
says Alessio Caratti o Garatti of the 
Dublin Institute for Advanced Studies, 
Ireland. “Surprisingly, fireworks are 
observed not just at the end of the 
lives of massive stars, as supernovae, 
but also at their birth!” 

The scientists are still not sure 
how the accretion discs survive but 
it points to all stars being born equal. 
“Probably the accretion bursts reduce 
the radiation pressure of the central 
source and allow the star to form, but 
we still have a lot of explaining to do,” 
says Caratti o Garatti. 


Cuniosity finds metal meteorite on Mars 
The golf ball-sized ‘Egg Rock’ has been laser-zapped by the rover's spectrometer 


An odd, dark grey, globular object 
pictured on a layer of lower Mount 
Sharp on Mars has been confirmed 
to be a meteorite that fell from the 
Martian sky. The Curiosity rover's 
Mast Camera picked up the golf ball- 
sized object as it stood out against the 
red-orange colour of the Red Planet's 
surface. It was quickly spotted by 
the inquisitive and eagle-eyed rover 
team working on the Mars Science 
Laboratory project, which quickly got 
to work on analysing it. 


Making use of the rover's Chemistry 


and Camera (ChemCam) instrument, 


the scientists were able to examine the 


object by getting Curiosity to use its 
laser-firing spectrometer. This enabled 
them to study the light emitted by 
the electrons as the laser hit the 
object, looking at the wavelengths 

to determine the item's make-up. 

As suspected, this confirmed that it 
Was a Meteorite and it was found to 
contain iron, nickel and phosphorous 
alongside other lesser ingredients, the 
concentrations of which are still being 
analysed. It is thought the meteorite 


A composite, colourised view 
of the object that was found 
My ga eRe tists ina Oyo 


landed many millions of years ago and 
it would have come from the molten 
core of an asteroid. 

It's hugely significant, not least 
because it’s the first such example 
to be examined in such a way. “Iron 
meteorites provide records of many 
different asteroids that broke up, with 






fragments of their cores ending up on 
Earth and on Mars,” says ChemCam 
team member Horton Newsom of the 
University of New Mexico. “Mars may 
have sampled a different population of 
asteroids compared to Earth.” Curiosity 
is continuing to examine the area 
where the meteorite was found. 
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Understanding at our lunar companion was formed 
4 might just explain how we came to be here 
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What made our Moon? 


It is the brightest thing in our night sky. Over 
the course of history it has been revered as God, 
trampled on by 12 American men and immortalised 
in love-soaked poetry. The Moon is our steadfast 
companion, our only natural satellite as we endlessly 
orbit the Sun. Yet for an object that has received such 
scrutiny, arguments still rage about where exactly the 
Moon came from. 

A suitable explanation needs to take into account 
What is perhaps the Moon's greatest oddity: its size. 
It is the fifth largest moon in the Solar System, 
trumping most of the satellites of our much bigger 
planetary neighbours. In fact, if you compare the size 
of moons to the size of their host planet, our Moon 
comes out at the very top of the list. Many of the 
smaller moons of the Solar System are thought to be 
captured worlds - bodies that wandered too close to 
a planet before getting snared in its gravitational pull. 
Given the size of our Moon, it’s hard to imagine that 
is how it ended up circling the Earth. 


As far back as 1879, George Darwin - the 
astronomer son of the famous naturalist, Charles 
Darwin - instead proposed that the Earth and Moon 
were once one body and that the latter formed from 
material thrown off the spinning Earth. This, he said, 
would explain why the Moon was moving a little 
further away from us each year. Supporters of this 
idea even pointed to the lack of land in the Pacific 
Ocean - which stretches across half of our planet - as 
the birthplace of the Moon. However, scientists later 
realised that any force capable of dislodging such a 
large amount of Earthly material would likely have 
destroyed the rest of our planet at the same time. 

So attention turned instead, to the idea of a giant 
impact - one that occurred 4.5 billion years ago 
when the Earth was still forming. It must have been 
this early because the rocks brought back from the 
Moon are that old. Astronomers have long believed 
that the Solar System had a tempestuous infancy, 
throwing around huge lumps of rock and metal 


"If the Moon was formed from a smashed 
apart Theia during a blow with the Earth, 
then it should have its own unique oxygen 
isotope. Yet it matches the Earth's exactly” 


before eventually calming down. What if one of 
these objects - perhaps one the size of Mars - hit the 
young Earth, with the Moon forming out of the hot, 
spinning debris? 

On the face of it this idea makes a lot of sense. We 
know from the dark patches on the lunar surface that 
parts of the Moon were once molten. The Moon also 
has a pretty small iron core - much smaller than the 
Earth’s - and it is less dense than the Earth. This fits, 
too, because during an impact the lightest material 
would have been thrown the furthest, leaving the 
heavier stuff here on Earth. Astronomers have a 
name for this proposed Mars-sized impactor: Theia, 
named after the Titan who gave birth to the Moon 
goddess Selene in Greek mythology. And computer 
modelling has been used to try and figure out what 
this impact must have been like in order for it to 
form the modern Moon. Traditionally, the best fit 
seems to come from a glancing blow - Theia clipping 
the Earth at an angle of about 45 degrees - and ata 
relatively slow speed. The debris from the impact, 
mostly formed from the leftover remnants of Theia, 
would have formed a ring around the Earth, which 
then coalesced into the Moon. But recent analysis of 
Moon rocks returned to the Earth during the Apollo 
missions appears to throw a spanner in the works. 

It is all to do with isotopes. What sets different 
chemical elements apart is the number of protons 
present in the nucleus of their atoms. Oxygen, for 














It was flung off a 

rapidly spinning Earth 

Marla omg 

An idea that was popular for decades was that 

the material which makes up the Moon was once 
part of Earth. It suggested the Moon separated 
from Earth while it was semi-molten and spinning 
rapidly, and many saw the Pacific Ocean as a void 
created by the departing material. Darwin backed 
up the idea with solid and accurate calculations. 
Why it's wrong 

By the 1930s, calculations showed that Earth 
would have had to spin at an inconceivable rate to 
throw off enough material to form the Moon. 
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Oe the WN Oe wasn't made 


It was made elsewhere 

and captured by Earth 

"aka Mg 

Many of the moons in our Solar System are 
thought to be captured objects - Phobos and 
Deimos around Mars are good examples. It isn’t 
inconceivable that Earth could have captured the 
Moon, then, as this would explain why the Moon 
and Earth appear to have different densities. 
naam Kola lsd 

For Earth to capture a large Moon, both objects 
would have to travel slowly - a collision was more 
probable. It is also unlikely that the Earth's gravity 
would have been able to hold the Moon for so long. 


It was formed at the 

same time as the Earth 

"Vari CM lite 

The co-accretion idea is that the Earth and Moon 
formed together in the early Solar System from 
the debris around the newborn Sun. Support for 
the idea came from observations of double stars. If 
two distinct stars could form out of a nebula then 
it seemed at least possible that two worlds might 
coalesce side by side in orbit around a single star. 
Why it’s wrong 

While the oxygen isotopes may be the same, 

the densities of the Earth and the Moon and the 
amounts of iron on each are different. 
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1. Theia 
approaches Earth 
A Mars-sized object 

is on an unalterable 
collision course with 
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The impactor hits the Earth 
in a head-on collision, 
vaporising both Theia and Ys | 


the mantle of the Earth. 

-® 4. Debris gathers 
Smaller objects begin to condense 
out of the vapour while continuing 
to orbit around the Earth. 
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thrown out 
The vaporised material 
from both bodies mixes 
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5. The Moon ® 


takes shape 
Many of the smaller 
objects stick 


together to forma 
proto-Moon in orbit 

around the Earth. iN 
b 
6. Our companion ®@ | 
is formed | 
Eventually, all the pieces | 
come together to form i 

the basis of the Moon i 

that we see today. 
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Hundreds of lunar rock samples 
were brought back to the Earth 
during the Apollo missions, for 

scientific study and research 
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The age of the Moon ao No sign of water 
Analysis of lunar rocks suggests the Lp a * . Ol bi The Moon rocks show no signs of 
Moon is almost as old as the Earth, ya pee Sacred RVR LeU aa 
meaning the collision happened MS 5 ny geology can be explained as rocks 
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| Moon, pointing to it being vaporised 
‘suggesting a common origin. 


during a head-on collision. 
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Wearing special germ-free clothing, Dr Robert Gilruth 
(right) inspects lunar samples from the Apollo 17 mission 


NASA astronaut Charles Conrad, commander of Apollo 
12, holds two Moon rocks back on Earth 


, while collecting samples 
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example, always has eight. Add another proton and 
you get an entirely different element (fluorine in this 
case). But several versions of the same element can 
exist, each with the same number of protons but a 
differing number of neutrons. Scientists call these 
different flavours of the same element ‘isotopes’. 
Oxygen, for example, has three stable isotopes, with 
eight, nine or ten neutrons. 

When it comes to planetary geology, the relative 
amounts of each of these isotopes present on a 
celestial object are a key measurement, a bit like a 
fingerprint. “Each body in the Solar System has a 
unique oxygen isotope signature,” says Dr Kun Wang, 
assistant professor of geochemistry at Washington 
University in St Louis. And therein lies the rub. 
Analysis of the Apollo samples shows that Moon 
rocks have exactly the same oxygen isotope signature 
as the Earth. If the Moon was mostly formed from 
a smashed apart Theia during a glancing blow with 
the Earth, then it should have its own unique oxygen 
isotope signature. Yet instead, it matches the Earth's 
signature exactly. 

Scientists first discovered this as far back as 2001, 
but many researchers believed that this apparent 
similarity was just an artefact of the precision of the 
experiments - that one day more accurate analysis 
would show there to be a tiny difference after all. But 
the latest research published earlier this year found 
that even with much more precise Measurements, 
the oxygen isotope signature is still identical. 
Therefore, the Moon is not from Theia alone. 

Wang believes this points to a much more violent 
collision, one which melted the outer layers of both 
Earth and Theia. This material then mixed together 
to form a vapour - a cloud of material - stretching 
from our planet out to 500 Earth radii. The Moon 
then condensed from this cloud, explaining why 
both bodies now have the same oxygen isotopes. 
“Once they mix together it doesn't matter what the 
oxygen isotopes of the two bodies were before,” says 
Wang. But if the notion of a more catastrophic impact 
is to be accepted, it needs more than one strand of 
supporting evidence. And so that is exactly what 
Wang set out to find. 

He analysed seven different Moon rock samples 
from multiple Apollo missions, along with samples 
of Earth rocks, measuring the different abundances 
of isotopes of potassium using a technique ten times 
more accurate than previously possible. Earlier this 
year, along with his colleague Stein Jacobsen from 


“Wang found the 
Moon rocks hada 
greater abundance 
of one particular 
potassium isotope at 
the level of 0.4 parts 
per 1000 more than 
the Earth" 
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What made our Moon? 


Mars-sized Theia 
approaches the 
still-molten Earth 
lovey Ce)cem deem elerleg 
on collision 
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Although new 
research suggests a 
head-on collision, 
the old picture 

had a 45-degree 
glancing blow 
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What made our Moon? 


Harvard University, he published his results. He 
found that the Moon rocks had a greater abundance 
of one particular potassium isotope at the level of 
O.4 parts per 1,000 more than the Earth. “Potassium 
is a lot more volatile than oxygen, meaning it is 
more likely to vaporise and be mobile after the 
collision,” says Helen Williams, an Earth scientist at 
the University of Cambridge, UK. So the potassium 
was more likely to end up far away from the Earth 
and become incorporated as part of the Moon. But 
for potassium to be vaporised in the first place, 

the collision must have vaporised both Theia and 
much of the Earth's surface. To Wang, that has all 
the hallmarks of a head-on collision rather than a 
glancing blow. 

But even if he is right, there are still some 
outstanding Moon mysteries in need of explanation 
-none more so than the unusual tilt of the Moon's 
orbit around the Earth. The Moon would have 
initially formed in an orbit matching the orientation 
of Earth's equator, and then as it moved further from 
our planet, the gravitational pull of the Sun would 
have forced it into line with the orbits of the other 
planets - a plane known as the ‘ecliptic’. Yet today’s 


Moon orbits at an angle of five degrees to the ecliptic. 


“That might not sound like much, but all the other 
big moons of the Solar System are inclined at less 

than a degree to their planets - so the Moon really 
stands out,” says Douglas Hamilton, professor of 
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astronomy at the University of Maryland. A team 

led by Hamilton has recently attempted to explain 
this strange anomaly. They ran many computer 
simulations of the giant impact, with slightly different 
parameters each time. The one that gave the closest 
match to the Moon's current orbit suggests Theia's 
impact was a lot more calamitous for our planet than 
previous models have suggested. 

The almighty wallop from Theia would have sent 
the Earth spinning much faster. More than twice as 
fast, in fact, as other previous models have suggested. 
What’s more, the Earth would have been knocked 
over almost on its side, with its axis tilted somewhere 
between 60 and 80 degrees to the ecliptic (today it 
is only tilted by 23.4 degrees). This high inclination 
affected the Moon as it retreated from the Earth, 
forcing it into an orbit tilted at an angle of around 
30 degrees to the ecliptic. “It then settled down 
to five degrees over the last 4.5 billion years,” says 
Hamilton. At the same time, the Earth's axis started 


to straighten up to its present position. It just goes 

to show that our ideas about the formation of the 
Moon are still very much in flux. Quite how we came 
to have such a large Moon on an inclined orbit is a 
puzzle still occupying teams of astronomers around 
the world. But it seems we are getting closer. 

And that’s important, because discovering the 
Moon's history is a key step in understanding how 
likely such events are in the wider universe. And, 
in turn, that might help us answer a much bigger 
question: whether we are alone in the universe. 
That's because many scientists have speculated 
that the churning of the oceans by a Moon that was 
much closer to the Earth than it is today could have 
played a key role in the early development of life on 
Earth. Its gravitational pull also stabilises the Earth's 
axis, keeping our seasons steady and reliable. This 
flurry of recent research has put us one step closer to 
understanding how our Moon came to be and may 
one day help us understand our place in the universe. 


“The Theia impact would have knocked 


Earth over almost on its side, with its axis 
tilted somewhere between 60 and 80 


degrees to the ecliptic’ 


We are still not certain 
how the Moon ended up 
‘ in orbit around the Earth 





Unlike Mars’ moon Deimos, our Moon wasn't captured as 
it passed by our planet 





Moonset as seen by astronaut Tim Peake aboard the 
International Space Station 
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Lunar make-up 
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Focus on Gaia virtual Milky Way 


Galas virtual 
WET K@r AAA \ ae 


In order to build the most precise three-dimensional 

map of the Milky Way and answer the questions 

we have about our galaxy’s structure, origin and = 
evolution, the European Space Agency’s (ESA’s) Gaia 
mission is surveying the stars within it and in the 
local galactic neighbourhood. 

Pointing with ultra-high precision, the Gaia 
spacecraft enables its ground control team to 
monitor its performance, as it regularly reports 
information back to the ground about its status and 
the stars that it has observed. And it has been doing 
SO ever since its launch in 2013. 

Acquired over the course of 18 months and 
combined to create a ‘map’ of the several million 
observed stars, the mission's data creates a beautiful 
and ghostly virtual image of our stunning Milky 
Way galaxy. With each point representing star 
densities and brightnesses, it’s easy to discern 
globular clusters and Magellanic clouds as well as 
the highly-populated Galactic Centre. 





This Milky Way map is The Gaia spacecraft in the clean rooms at Europe's 
the result of 18 months spaceport in Kourou, French Guiana, in October 2013 
of data accumulated by 

ESA's Gaia spacecraft 
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_ When it touches normal matter, both are destroyed. But what 
exactly do we know about the missing part of the cosmos? ~ 
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Antimatter universe 





You and I shouldn't be here. Neither should the ~*~ 
Earth, Sun, planets or galaxies. All of the matter « 
that galaxies, dust, gas, stars and elo consist 
of should have collided with al amounts of 
’ antimatter long ago, during t mS S creation, 
Tale oyercye arate Cone Our entire universe ot 
SJareybl Cel |brsis be a barren, sterile, radiation-filled 
=yq OVEN WOLE (ci (-RO smd tlie ie KOEN) bhiZ0 

That’s one of the mysteries that scientists PICS 


majority of everything we observe, from galaxies 
and stars to planets (including the Earth and 
everything on it), is made of atoms. 

Atoms are made of subatomic particles 
constituting of a nucleus (typically a cluster of 
protons and neutrons) orbited by less massive 
electrons. Protons and neutrons are each comprised 
of a trio of even smaller particles called quarks. 
There are six different types of quark in total but 


as far as we know, are singular particles with no 
further substructure) have a negative charge. In 
electrically neutral atoms (which are atoms that 
aren't ionised), electrons and protons are the same in 
number and cancel out one another's charge overall. 
So what of antimatter? Where subatomic particles 
have properties such as electric charge, magnetic 
moment and intrinsic angular momentum, so 
too do their ‘antimatter ees — just in the 
opposite im 








protons and neutrons are made of just two, calléd 
* 
‘up’ and ‘down’ quarks. Protons are made of ‘up, up 


trying to understand about antimatter, along ytd 
a few others. Antimatter is exactly what it sounds 













of ‘anti-1 iH TO nee hVomre We lcrez-1 8a 


like; the exact opposite of normal, ‘everyday’ matter. and down’ (uud) and have a positive electric charge, called positive eases 
But what precisely does that mean? First of all, it’s while neutrons are made of ‘up, down and down’ itive charge. Antimatter - 
important to understand iret matter is. The vast » , (udd) and are electrically neutral. — (which, ame mass as their matter . 


les come into contact 
sions, they Ot GRevsTeT TENG 
pure energy, as described 
famous equation: E=mc’. Here, 
ve rey aad gas released (E) would be equivalent to the 
masses of ne two particles (m) multiplied by the 
speed of light squared (c’). 

So it seems as if antimatter particles should el 
have short and volatile lifespans, considering our 
matter-dominated universe. But they don't. We can 
detect antimatter particles that have travelled vast ‘ 
distances. Detectable amounts come in the form 
of some high-energy cosmic rays, in the regions 
around black holes and neutron stars and even 
. above thunderclouds on Earth. Some are produced 


“If antiparticles come into contact with aii 
' matter versions, they would crabs one 
another to release pure yale gavel 





What is antimatter? - : 


. Antimatter is the ‘opposite’ of normal matter - 
,it would be a violent end for both if they ever met 











F Matter Ber ato via radioactive decay, such as that of potassium-40. 
: . There are even antimatter particles trapped in 
oh @ e)) oT oat w Antiproton Earth’s Van Allen radiation belts. The space-borne 


particles are under scrutiny by probes such as 
the Payload for Antimatter Matter Exploration - 
and Light-nuclei Astrophysics (PAMELA) craft, 
a joint Russian, Italian, German and’ Swedish 
endeavour; by ESA's INTEGRAL, or the International + 
Gamma-Ray Astrophysics Laboratory; and also 
loyimdelewaie atl Magnetic Spectrometer instrument 
on board the International Space Station. These . 
antimatter particles are often created in high-energy 
environments like cosmic jets and particle collisions. 
But what about all of the primordial antimatter . 
that's missing from the early universe? This is a 
fundamental mystery that international teams * , 
of scientists at the European OD echenict tale) for 
Nuclear Research (CERN) and other laboratories 
are investigating intently. The pce ee sald pasa rel J 
Keato\iVanee Maem eerelaCce-PeLSTORLLAKcle asymmetry 
problem’ started in 1928, when English physicist 
Paul Dirac formulated his Dirac Equation (for which 
he would later win the Nobel Prize alongside 
Austrian physicist Erwin Schrédinger). Schrodinger * 
had previously formulated an equation describing — 
exactly how a quantum system (a particle) can 
change. Dirac re-derived this equation in such 
a way as to be consistent with Einstein’s theory 
OCS EIA IG Memos BLOT NIA UE La a ET relativity to 
quantum mechanics. This was essential for accurate 
descriptions of particles close to the speed of light. 
Dirac saw that his equation could have two 
possible solutions for every particle: positive and 
negative. The at Ola Ws oleae oe laale mel (elke 
first, make Sant But Dirac interpreted this to vee 
- : sy a that every particle should have a corresponding» 
Relate spr LL | a ja rz ‘antiparticle’. And that's exactly what we see 
Pa * a Epon : bs mt ss . today. But it also showed that there should be an 
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A hydrogen atom is composed of a negatively 
. charged electron, orbiting a positively charged 
proton at the nucleus. The proton itself is composed 
of up and juarks. ~ 


® Positron 


| a atom is composed of a positively 
charged positron, with a negatively charged 

Prag at the nucleus. The antiproton itself is 
composed of anti-up and anti-down quarks. 
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elated (la maatedatstoarel acer lal 

Karl Pearson proposes the 
aerteal MOM eL RETA 
in a book called The Grammar — 
Of Science. This relied on the | 
concept of the aether, which — 

- has since been debunked. 
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Soviet physicist Dmitri Seo 
and Caltech student Chung- , 

Yao Chao both independently , 
observe electron-like particles, | 
behaving in:the opposite way; | 
Skobeltsyn with a cloud chamber — 
and Chao via gamma rays in lead. 


The European Organisation 
. for Nuclear Research 


(CERN) is established by 
12 member states with the 19 54 
aim of studying atomic 


nuclei, subatomic particles 
and high-energy physics. 
r - 


American NEEM Ue 
, Cronin and Val Fitch 
observe from weak-force 
interactions in kaon decay 
that CP-symmetry can be 
violated. They go on to 

win the 1980 Nobel Prize. 





Te CM ORO RG NN eV RANT 
project announce that they have 
created the world's first ‘cold’ (or 
slow) antihydrogen atoms by using the 
Antiproton Decelerator. 


» Over 300 antihydrogen atoms 
are successfully trapped for 

over 16 minutes by CERN's 

ALPHA collaboration. This 

allows the scientists to examine 
antihydrogen in detail; in 
particular, it's spectral properties. 
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Antimatter universe 





Road to antimatter 
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French physicist Paul Dirac 
re-derives the equation of 
Austrian scientist Erwin | 
Schrddinger, for quantum 
particles travelling at light speed. 
In doing so, he rediscovers the 
concept of antimatter. a 





— a Py 


American physicist Carl 

D Anderson conclusively 
discovered positrons in cosmic 

1932 rays using a cloud chamber. It 
confirmed Dirac’s predictions. 


and Anderson received the 
Nobel Prize as a result. 





: ce ~ , ii, § | are We Wl itera ae 
Italian physicist Emilio Segre [=| > mata IS oe 


and American physicist Owen eas. sa 
Chamberlain discover the : 

19 5 5 antiproton using the Bevatron 
Accelerator at the University of 


California, Berkeley. They are 
awarded the 1959 Nobel Prize. 





The antineutron is discovered 
at the same facility (the. 
Bevatron Accelerator in 
California) as the antiproton. 
Physicist Bruce Cork and 
his colleagues discover the 
- eintiparticle. 


1956 


-CERN announces that it has created 
up to nine antihydrogen atoms using 
their Low Energy Antiproton Ring 
(LEAR). Fermilab soon confirms this by 
Wee 100 BD eke a atoms. . 





The Japanese T2K and American 
Fermilab NOVA collaboration present 
tentative results that suggest a 
deviation between the oscillations 
of neutrinos and antineutrinos. This 
could show a matter/antimatter 
CP-symmetry violation. 
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Antimatter universe 
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How do we 
contain it? . 
Antimatter has to 

be confined in a vacuunt * 

as it can't touch matter., , 

Charged particles such 

as antiprotons would 

be easy to manipulate 

magnetically, but not 

for very long yet. 














cd 
Ran cemeclaaevCeileirr rma 
see. And in Se physics, 


erent kinds of symmetry 
most fundamental ones «© 
i the most relevant for quantum » 
es are electrical (ela ebeexon mean (essentially 
Spatial rotations) and time. Time symmetry (or T 


, symmetry) effectively means PreNadaviet that happens * 


at the quantum level can be reversed, though that’s 
something that only applies to certain particles and 
interactions. Charge and parity however, should 
apply to all particles and is ect ‘CP-symmetry’. If 
there were true CP-symmetry in the universe, an 
equal number of matter and antimatter particles 
should have been created, which should have then 
annihilated one another. So something must have 
tipped the scales in matter's favour. 

The Neutron Electric Dipole collaboration at the 
Paul Scherrer Institute in ule Aaee rates trying to 
find out what happened to cause this. The team 
is looking for a property of neutrons (though not 
exclusive just to them) called the electric dipole 
moment (EDM). The EDM is the degree to which 
positive and negative charges are distributed within 
a particle itself. But neutrons are electrically neutral 

a o 
30 : ’ 


rT Vc) find an EDM it will be a sure 


How do we get it? 
Antimatter is created in peeereeee 
a lot of energy to make just 
harvest it from Earth's Van Aller 


ROR Ee eccB ie tC , . 
VTA antimatter energy — 





but ee . 






How would we harness its energy? , 
When matter and antimatter particles meet, they annihilate one Ate 
to,become secondary and tertiary particles, including neutrinos. It 

» _ would be difficult (if not near-impossible) to utilise all that energy. 


indicator of physics beyond our current. 


Standard Model” Prof Phillip Harris,'Sussex CON) 


and we haven't been able to find their EDM (f it 
exists) for five decades. So why hunt for such an 
esoteric-sounding property? What does it have to do 


' with matter/antimatter asymmetry? 


“If we find an EDM it will be a sure indicator 
of physics beyond our arco Standard Model,” 
Says peices Philip Harris ey mS TIO LOAVES AA 
ened Harris was part of another neutron EDM 
collaboration at the Laue Piarexoas POM OetSeLMeLCow ye] 
eicsele OMB accTLGCMMOLULM ASM Anon (ecVentM orice itn 
joined forces. The Standard Model he refers to is 
what particle physicists have used - extremely 
successfully - as the basis of their research for 
the past few decades. The model has successfully 
predicted the existence of neutrinos (so-called ‘ghost 
particles’) as well as the recent Higgs es the 
origin of other particles’ mass. But the Standard 
Model is inadequate when it comes to matter/ 
antimatter asymmetry and extensions are needed. 


The technique used by the aay atte 
is very similar to that used in MRI scanners in 
hospitals. In the team's experiment, a batch of : 
neutrons are cooled to within a few thousandths of 
a degree above absolute zero - the coldest possible * 
temperature - and bathed in a magnetic field to see 
how they precess. If a neutron has an EDM it would 


P show itself up in a particular way, violating both — 


T and P symmetry. And if P symmetry is violated, 
then by extension, so would CP-symmetry, which is 
common to all particles. And that would show that 
matter and antimatter are fundamentally different 
(even if only slightly) and not mirror opposites. As 
Harris says, “It will enable theorists to tune their 
dale lelocmaerle IHC a lp Ce explain the origin of all - 
matter in the universe.” So far, however, nothing has 
turned up. So the team hopes to construct an even 
more sensitive experiment within the next decade. 
But why not do this experiment with antineutrons? 
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mu Wits Antiproton Cell Experiment, known as ACE, is 


‘ anyway.” But that doesn’t matter as the experiments 


: aes —  Antimatter universe 








ahs ive unexplained 
Be of antimatter 


: | : =. : Could high 
| a energy positrons 
reveal dark matter? 
The PAMELA probe detected 
high-energy positrons in 2009, 
» which were confirmed by NASA's 
Fermi Gamma-Ray Telescope 
e in 2011. Their origin may lie 
. $ | | » indark matter particle , 
collisions. : 





located on the Antiproton Decelerator at CERN 
5 bd Why 
are cosmic 
antiprotons so 
energetic? 
The Alpha Magnetic 
Spectrometer finds that cosmic : | is 2 | 
ray antiprotons have six times re." 7 — ine - / a 
the energy of protons. : ae 
The reason why is still 
unknown. 


—— oe! a 
a 


t. Pe nytt eT 
ae anal 


Where did 
the universe's 
antimatter go? 
This is the biggest antimatter 
mystery. According to the . 
Standard Model of particle 
ft | i aga a 3 physics, exactly equal amounts 
a ra which is a key component © © ition 2 ee Sone T. ; | . of matter and antimatter 
in creating antiprotons via beam collisions SS st aah rr should have been 





created. 


As Harris says, that wouldn't be feasible. “It would 
be absolutely impossible to produce idatcieeBlomaele 
quantities needed. And even if we could, we couldn't 
store them for long enough for the measurement 


Why 
is the Milky 
Way's antimatter 
cloud lopsided? 
At the Galactic Centre is a large 
antimatter cloud, which ESA‘s 
INTEGRAL satellite shows is 


look for a creireyauon nn] nite neutron’s structure that 
> 4 ES AE! ait same mechanism - whatever dere Laa = 
that allowed matter to dominate over antimatter in 


WB e CEU AINE ‘ lopsided from its gamma-ray 
NES CR Aa meniinllaelteRsnacqenntsrtoKi= detections. The reason 

to produce and store artificially, as Harris has why is not yet 

alluded to. It can be made consistently in particle » = known. 


accelerators, such as the one located at CERN. We 
live in a world of matter, so antimatter'can't touch 





4 =] 
anything it's confined in. For charged particles ee ———F 
like positrons and iT ocNSMUN ETE not too much ~~ on 4 = \T - How does — 
of a problem as they cari be easily confined in a > | the gravity interact 
magnetic field inside a vacuum. Such a device is | . with antimatter? 
eet a Penning trap. It was estimated by NASA | a) Bose antimatter behave hem 
cts 1999 that laa) alare Ny antihydrogen A a | al matter in gravity or not? 
- would cost $62.5 trillion per gram to make : 7 : 43 . ral 7 However, not enough 
‘(equivalent to £50 trillion now), which would make oa —_ ns. antimatter has been 
_ it the most expensive substance ever. | es i 4) Re Ss produced yet to say 


Hydrogen is the simplest of all atoms, consisting oe as Se for certain. 
of just one electron orbiting one nuclear proton. This a : a - : 
makes antihydrogen an ideal ‘test-bed’ to further 

8 
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SRUCGhYA-UaIGBnOT-laC-JmreVoCeM@n(lC-MeVk-MSca(ce-V=>¢p\1eb bn Ccal es 
at CERN, such as ATRAP and ALPHA, which create 
TALS MCVRU Oh antihydrogen. The CERN scientists have 
to use their Antiproton Decelerator to slow down 
- unwieldy antiproton me: aed created by 
Je Voubeelueleae melee) i protons (from TeeMoPscmbteCey 
or 2,060 mieten long Proton Synchrotron ring) into a 
metal block; the resulting antiprotons are slowed 
enough by magnets to create antihydrogen RYO sense 
These ‘anti-atoms’ survive for long enough to 
study before they disintegrate. Because hydrogen 
atoms have one negative electron and one positive 
proton, their charges cancel out overall and the atom 
is neutral. The goal of the ALPHA experiment is to » 
see if antihydrogen is also neutral, and if so, to what 
extent. Just as with the neutron EDM experiment, 


any deviation would show a chink in the Standard » «a 


Model as well as Dirac’s equation, and may go some» 
way to explaining the universe's matter/antimatter 
asymmetry. So far, no such deviation hasbeen _ 
found. The ATRAP experiment, which has created 
and studied large numbers of antihydrogen atoms, 
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Fermilab has 
worked with the 
T2K collaboration to 
find a possible deviation 
between neutrinos 
and antineutrinos 


® —Be- «3 j 
rl © ——. = 
; =,~-= is a - 
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has also not found any measurable deviation (so far). 


But there may be one more thing to try. 

Japan's T2K.and Fermilab’s NOVA experiment in 
Illinois are both looking for neutrinos - so-called 
‘ghost particles’ that are extraordinarily difficult 
to detect because they interact only very weakly 
with matter. Neutrinos are created by different 
processes, such as inside stellar nuclear cores and 
supernovae. Countless neutrinos are pouring out of 
the Sun and Seer through the atmosphere at this 
very moment. Billions of them pass through just 
your thumb every second. Yet vast, cathedral-like 
neutrino detectors, filled with dry cleaning fluid 


. (Or xenon) and extremely sensitive photomultiplier 





tubes, detect less than a dozen a year. Neutrinos 
tT 





Einstein's 
famous equation. 
E=mc? describes 

what happens 
when matter and 
antimatter meet — 


CERN's 


are expected to oscillate between three different 
types depending on their ‘flavour’. Each flavour 
corresponds to a particle such as an electron, or its 
heavier versions: the muon, or the tau. There are, of 
course, antiparticle versions of these (of which only 
the’positron has been discovered so far). 

The T2K and NOVA collaborations are trying to 
compare neutrino oscillations with antineutrino 
oy atasy Although Ha oMcya a Vore eure l eed Del Kcamer-leleyer-d 
Ie aPAeyl collaboration presented 
eleighiaenmolclaiiaciemaer : 
le out then it would — 
n between matter 









electrostatic 
protocol treatment 
lens transports 
antiprotons from the 
ELENA beam to all 
AD experiments 


Y Photomultiplier 
tubes inside 
the T2K neutrino/ 


Scientists 
at the Paul 
Scherrer Institute are 
_ examining a particular 
property of neutrons 
to understand 
antimatter 


Deviations 
in the electric 
dipole moment 
of neutrons could 
help show why our 
universe is matter- 
dominated 


antineutrino detector, 
before being filled 
up with water 


Austrian 
physicist 
Erwin Schrodinger, 
who formulated 
the wave equation 
for quantum 
particles 
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Eyeshields 


Available for most 
binoculars and telescopes 


from £14.99 
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| of binoculars, telescopes, 
tripods & accessories in stock 
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The most exciting space missions and 
astronomy events over the next 12 months 


Written by Jonathan O'Callaghan 


Every year we see an array of missions launch 
into space and are treated to many astronomical 
events. 2017 is no different. We'll see exciting 
developments in private spaceflight; SpaceX, 
for example, will be hoping to debut its new 
Falcon Heavy, and also become the first 
private company to launch people 
into orbit. There are some exciting 
astronomy missions launching 
M. _ too, most notably 
3 exoplanet-hunting 


satellites from NASA and ESA. Both should teach 
us more about worlds like and unlike our own. It 
will be a sombre year, too, as we say goodbye 

to NASA's Cassini spacecraft, which has been 
orbiting Saturn for over a decade, revealing 
untold secrets about the gas giant and 

its moons. Throughout the year there 

are a number of annual meteor 

showers and celestial events, 

too, so here’s what to 

look out for. 
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An annular solar eclipse is also known 
as a 'ring of fire’ 


Annular solar eclipse 


Those in South America and 
southwest Africa will be treated to an 
annular eclipse, a rare event known 

as a ‘Ting of fire’. Solar eclipses are 
caused by an odd coincidence where 
the Moon is 400-times closer to 

Earth than the Sun, but the Sun is 
400-times bigger. So when the Moon 
passes in front of the Sun, it blocks 
out its light. But the Moon's orbit is not 
circular, moving slightly further from 
and closer to Earth. At its furthest, it 
does not completely cover the Sun if it 
passes in front. This creates an annular 
eclipse, where the Moon covers part of 
the Sun but a ring of light around the 
outside remains. There is an annular 
eclipse somewhere on Earth every 
year or two. This one will be difficult 
to see as it is mostly visible over the 
Atlantic, but it will be worthwhile for 
those who catch a glimpse. 


peta 
Penumbra 


eters 
eclipse 


A partial lunar eclipse occurs when 
part of the Moon passes into Earth's 
umbra - its deepest region of shadow. 
Surrounding the umbra though, is an 
area of lesser shadow, which is known 
as the penumbra. 

When the Moon passes into this 
region, this is known as a penumbral 
lunar eclipse - and observers in a 
large part of the world will be able to 
see this on 11 February. The Moon will 
appear to darken slightly as Earth's 
shadow crosses its surface. The entire 
eclipse will be visible from South 
America, eastern Canada, Europe, 
Africa and parts of western Asia. 





Peering into the heart of neutron stars 


The Neutron star Interior Composition 
Explorer (NICER) is an exciting 
mission that will seek to understand 
neutron stars, the dense remnants 

left behind after a star explodes. 
Consisting of 56 small X-ray telescopes 
in a bundle, NICER will be installed on 
the outside of the ISS next year, taken 
to the station by a SpaceX Dragon 
capsule, where it will view the cosmos. 
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The telescopes will collect X-rays 
released from the intense magnetic 
fields of neutron stars, allowing 
scientists to study these strange 
objects. NICER also hopes to prove 
that rapidly spinning neutron stars, 
or pulsars, can be used to navigate 
the cosmos. By measuring the arrival 
times of the pulses of X-rays, it will be 
able to refine its position in space. 


Space events 2017 


A penumbral lunar eclipse 
occurs when part of the Moon 
passes into Earth's shadow 





HE OT eh 


When day and The longest 
night are equal all and shortest 


over the world | days of the year 


| 
Solstices occur owing to Earth's 
angle to the Sun. They denote the 
time when day and night are longest 
and shortest for each hemisphere, 
with the Sun reaching its highest or 
lowest point respectively. The June 
solstice occurs on 21 June, when the 
North Pole is most tilted towards 
the Sun. This results in the longest 
day of the year for the Northern 
Hemisphere and the shortest day 
for the Southern Hemisphere. The 
December solstice sees the South 
Pole tilt towards the Sun. It occurs 
on 21 December, resulting in the 


Earth is tilted with respect to its 

orbit around the Sun, known as 
the ecliptic, so the Sun's position 

in the sky changes throughout the 
year. This alters the length of day 

and night. When the Sun is directly 
above the equator, and day and 

night are the same length around 

the world, we call this an equinox. 
There are two equinoxes a year. The 
first occurs at 10.29am UTC on 20 
March, the first day of springinthe | 
Northern Hemisphere and autumn in 
the Southern Hemisphere. The other 

is at 8.02pm UTC on 22 September, 

the first day of spring for the shortest day for the Northern 
Southern Hemisphere and vice versa. Hemisphere and vice versa. 


——— el 
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Early 2017 New crews to the ISS 


cerns C Se junk 


Crews launch 
tothe ISS 

ro) ore) 402 
rockets from 
Kazakhstan 


eae! 
: ns as 
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a WCE NCS rrTTl Coon ekeyi ess 7 
of space junk in Earth orbit 





a future spacecraft, pulling it into the 


atmosphere where it would burn up. On 30 March 2017, the next three- 
The mission will also test a second person crew to the ISS is due to 
system for removing larger bits of ' launch, joining the three already on 
debris. This involves attaching a ‘drag board to bring the quota up to six. 
sail' to chunks, which would cause ISS crews rotate every few months, 
them to experience drag from the with the last crew launching in 


Sun's rays, and eventually re-enter November 2016. This next crew will 
Earth's atmosphere. The satellite will form part of Expedition 51. 


be taken to the International Space The three launching will be 


Station (ISS) and deployed from the Russian cosmonauts Alexander 
Station at some point in early 2017. 


First launch of 
the Falcon Hea 


At some point in 2017, one of the most 
anticipated launches is going to take 
place. That will be SpaceX’s Falcon 
Heavy rocket, which will become the 
most powerful rocket in the world - 
for now at least. Currently, the most 
powerful rocket is the Delta IV Heavy, 


There are millions of pieces of space 
junk in Earth orbit, mostly tiny flecks 
of paint and other small objects. In 
2017, we'll see the first experimental 
mission take place that could help 
clean up some of this material. The 
RemoveDebris mission is led by the 
Surrey Space Centre in the UK and will 
involve a small satellite deploying a 
net in space, to practise dragging junk. 
If successful, similar techniques could 
be used to sweep up debris in orbit on 


Misurkin and Nikolai Tikhonov, 

and NASA astronaut Mark Thomas 
Vande Hei. The three will join 

two Russians and an American 
already on the space station. The 
next crew, consisting of Russian 
Fyodor Yurchikhin, American Jack 
Fischer and Italian Paolo Nespoli, are 
planned to launch on 30 May 2017 
as part of Expedition 52. 









This eclipse occurs when only some of 
the Moon is in Earth's shadow 





which can take 23,000 kilograms 
(50,700 pounds) to Earth orbit. The 
(elon alo WAAR n lel haan (mee 
SpaceX's Falcon 9 boosters strapped — 
together, will almost double . 
54,400 kilograms (119,900 pounds). 

It will be second in power only to the 
historic Saturn V, but will be eclipsed 
by NASA's Space Launch System (SLS) 
in the next few years, and perhaps 
by SpaceX’s Interplanetary Transport 
System (ITS) in the next decade. This 
immense power has seen a raft of r 
people sign up payloads for rides on 
future Falcon Heavy launches. But 
with one of SpaceX’s Falcon 9 rockets 
exploding during a test in September 
2016, the first launch of the Falcon 
Heavy is on hold. The company is still 
hopeful of launching in 2017, though. 
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Partial lunar eclipse 


Next year we'll be treated to a very 
slight lunar eclipse, as the Moon 
passes inside Earth's shadow. This 
partial lunar eclipse will be most 
visible to those in Asia, Australia and 
Europe on 7 August 2017. A lunar 
eclipse occurs when the Sun, Earth 
and Moon are lined up in that order. 
The Earth casts a shadow into 
Space, and the Moon passes through 
the darkest region - the umbra. This 
can cause part or all of its surface to 
turn red, owing to Earth's atmosphere 
scattering more sunlight. When only 
a portion of the Moon passes through 
the shadow, though, this is called a 
partial eclipse, and the eclipse next 
August will only see a slither of the 
Moon in shadow. But it should still be 
noticeable to eagle-eyed observers. 
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A total solar eclipse is an 
event not to be missed 


Launch of 
Spektr-RG 


This space observatory is being 
developed by the Russian Space 
Research Institute (IKI), and will 
perform extensive astrophysics 
research in space. First proposed in 
1987, and since revised, the satellite 
will have five telescopes on board, 
which will observe the cosmos in a 
wide range from ultraviolet to X-rays. 
It will be used to study black holes, 
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Meer 
eclipse 


need to check a map of the eclipse to see 

where the best place to see it from will be. 
The next total solar eclipse for the US 

is in 2024, followed by 2045, so this is a 

pretty rare chance to see one there. And, 


If there’s one astronomy event you don't 
want to miss next year, make it this one. 
On 21 August 2017, a total solar eclipse 
will sweep across the United States for the 
first time since 1979. A total solar eclipse 
occurs when the Moon completely 
covers the Sun in the night sky. 
This particular eclipse will be most 
visible starting in the northwest, 
near Portland, and sweeping 
southeast to South Carolina. 
The shadow of totality is 
fairly small, so you'll 


A model of Spekttr- 
RG from the Paris 
Air Show in 2011 


a ed ik 
galaxies and the interplanetary 
magnetic field, positioned at a point of 
gravitational stability that lies beyond 
the Moon, called Lagrange point 2 (L2), 

There are a large number of 
international partners involved in the 
mission, and with a mission lifetime of 
75 years and a vast array of scientific 
instruments, it should offer up some 
pretty interesting science. 















to be honest, nothing really matches 

the spectacle of darkness caused by a 
total solar eclipse. This really is an 

event not to be missed, especially if 
you've never seen one before. Just 
remember to wear appropriate 
solar eclipse glasses to 
protect your eyes. 


og 
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_ Jupiter's close 
| encounter 


Venus and Jupiter are set for 
a conjunction in November 


Owing to the orbits of the planets 
around the Sun in our Solar System, 
on occasion we are treated to 

some rare meetings - known as 
conjunctions - of planets in the night 
sky. This is when, from our point 

of view here on Earth, their specks 
of light appear to pass close to each 
other in the night sky. 
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In 2017, one of the more notable 
conjunctions will be that of Venus 
and Jupiter, which takes place on 13 
November. They will appear just 0.3 
degrees apart in the eastern night sky 
(the width of your little finger at arm’s 
length is about one degree). It should 
make for exciting viewing, so make 
SION Com YO) me (OnM mE BR TIS 
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Cassini mission ” 


In September we'll be bidding farewell 
to one of the most successful missions 
ever launched: Cassini. NASA's Cassini 
craft launched in 1997 ona journey to 
Saturn. Following its arrival in 2004, 
it released ESA’s Huygens lander in 
2005. This touched down on Saturn’s 
moon Titan, and returned our first 
ever images from the surface of an 
PIbeM olde mesma Meta) meer lary CiK80m 
As for Cassini, it has provided a 
fascinating insight into the Saturnian 
system. It has not only studied Saturn 
in detail, but also its moons including 
Mimas and Enceladus. In fact, on 
the latter, Cassini was able to study 
plumes of water thought to have been 
ejected from a subsurface ocean. 
But as the craft runs out of fuel, the 
decision was made to end the mission 
in September 2017 with a controlled 
entry into Saturn's atmosphere. This 
will destroy the craft, but it will 
transmit data until its final moments. 


ESA's CHEOPS satellite to launch 


By the end of 2017, the European 
Space Agency (ESA) hopes to have 

its new Characterising Exoplanets 
Satellite (CHEOPS) ready to launch. 
While satellites like TESS and Kepler 
endeavour to find new planets in the 
universe, CHEOPS will study stars that 
are already known to have planets. 

It will use the transit method to 
study these distant worlds, and will 
focus on exoplanets that are a few 
times the size of Earth and up to the 
size of Neptune. Using CHEOPS, as 
well as existing data on exoplanets, 
the ESA scientists will be able to work 
out the mass and radius of these 
distant planets. This data will allow us 
to accurately know whether a planet is 
gaseous or rocky. 


CHEOPS will study 
EVR Vor Vicente 
know to exist 








It's going to be asad 
day when Cassini 
comes to an end 


SpaceX begins manned launches 


By the end of 2017, SpaceX hopes to 
send humans into orbit, with an eye 
on eventually launching manned 
missions to Mars. This will be via its 
upgraded Dragon capsule, which they 
have been testing in 2016. The capsule 
will be able to seat seven people, 
although on these initial launches it 
will have just two. The goal is to, at 
first, send astronauts to the ISS. 
Dragon will launch on top of 
SpaceX's tried and tested Falcon 
rocket. However, an explosion of one 
of their rockets during a routine test 
on 1 September 2016 has put things on 
hold, so a firm date has not yet been 
set. Being able to take humans to orbit 
will be a major milestone for SpaceX. 
With their CEO Elon Musk recently 
unveiling somewhat ambitious plans 
to start sending humans to Mars in the 
2020s, proving they can send people 
to Earth orbit first will be crucial. 


See. GL) 
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Meteor showers 


Hold on to your hats, because next Viewing a meteor shower is 

year will - like every other year - see dependent on the weather and the 

an exciting array of meteor showers position of the Moon (a bright Moon 
in our skies. Some, like the Taurids, does not help), so you'll want to check 
are long-running over several months. both to get the best view. But with so 
Others, like the Geminids, are many to choose from, you should at 
noticeable for a few days, with a large least be able to see a few meteors this 
number of multicoloured meteors. year, especially from a dark sky site. 


: 


Spot a shooting rt Draconids 
Star this year \ 


Date of peak: 7 Oct 
Max per hour: 10 


~~ Constellation: Draco 
-\ Quadrantids -Orionids 


Dates: 1-5 Jan Dates: 2 Oct - 7 Nov 











_\ Date of peak: 3 Jan Date of peak: 21 Oct 
Max per hour: 40 wr. Max per hour: 20 
Constellation: Bodtes + Constellation: Orion 
Lyrids \ Taurids 
Dates: 16-25 April eesti Dates: 7 Sept - 10 Dec 
NASA me test ‘green’ propell Date of peak: 22 April Date of peak: 4 Nov 
Max per hour: 20 Max per hour: 10 
Constellation: Lyra » Constellation: Taurus 
In 2017, NASA is planning to launch pe 
an experimental craft called the ae Eta Aquarids Leonids 






Green Propellant Infusion Mission cee 
(GPIM). It will be testing a new type a / : y 


' a Date of peak: 6 May Date of peak: 17 Nov 
of fuel that is saferand more efficient — i Max per hour: 60 Max per hour: 15 


than existing propellant, and which | \ Constellation: Aquarius l L pees Gd 
may be used in future spacecraft. 


The GPIM satellite will use a a | A ~ Delta Aquarids - —* Geminids 


hydroxyl ammonium nitrate fuel/ 


—. Dates: 6-30 Nov 












WM R Me To cs / Dates: 12 July - 23 Aug Dates: 7-17 Dec 
oe ee rs ea rcs Taf f Date of peak: 28 July Date of peak: 13 Dec 
This is less toxic than existing fuels, 4 A ~\ Max per hour: 20 Max per hour: 120 
such as hydrazine, and has a higher a | Constellation: Aquarius Constellation: Gemini 
performance level and can be more _ 
compactly stored; a given volume can Perseids \ Ursids 
have 50 per cent higher ee Dates: 17 July - 24 Aug Dates: 17-25 Dec 
than hydrazine. The mission is Date of peak: 12 Aug Date of peak: 21 Dec 

vf 


scheduled to launch on SpaceX’s new 
Falcon Heavy rocket, although that The GPIM will test out a 
launch is currently on hold. ‘ ~ tevolutionary new type of fuel 


Max per hour: 60 
Constellation: Perseus 


i} Max per hour: 10 


Constellation: Ursa Minor 
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NASA's TESS satellite to launch 


In December, NASA's Transiting 
Exoplanet Survey Satellite (TESS) will 
launch. This groundbreaking telescope 
will search for Earth-like planets 
around other stars. To date, most of 
the exoplanets discovered have been 
found by NASA‘s Kepler telescope. 
Both TESS and Kepler use a similar 
method to find planets, observing 
the dip in light of their host star as 

a planet passes in front. But while 


Late 2017 
V Yd & 
At some point towards the end of 
next year, Virgin Galactic is planning 
to begin flights of its unmanned 
vehicle, called LauncherOne. This 
rocket will be launched from a 
specially designed Boeing 747, 
nicknamed Cosmic Girl, carried into 
the air before it detaches at an altitude 
of 10,700 metres (35,000 feet) and 
rockets into space. 


The two-stage rocket has two 
engines, called NewtonThree and 








TESS will be the 
most advanced 
search for Earth- 
Tice R ee 


Kepler looks at a small fraction of the 
sky, TESS is an all-sky survey, and will 
observe an area 400-times larger. 

TESS will focus on Earth-sized 
worlds around stars that are nearby, 
which will make them prime targets 
for further study by other telescopes. 
While many of Kepler's discoveries are 
too far away to be studied in detail, 
TESS could be a vital tool in helping 
us find worlds exactly like ours. 


NewtonFour, which will carry 
payloads such as satellites and 
scientific experiments into orbit. The 
rocket is then safely discarded, but 
the carrier aircraft can be used again 
Pialemr- ex 1008 

These operations are a precursor to 
what Virgin Galactic is more famous 
for: space tourism. They are planning 
to begin manned flights on their 
SpaceShipTwo aircraft, VSS Unity, at 
some point in the near future. 
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At some point in 2017, China will 
further stake its claim as one of the 
most rapidly advancing space powers 
by returning samples from the Moon. 
This unmanned mission, Chang’e 5, 
will build on the success of their lunar 
lander and rover, Chang’e 3 and Yutu 
respectively, which touched down 

in December 2013. While those two 
craft remained on the Moon though, 
this time, China is planning to bring 










il 2 


bring ba 


Cre. 2 
~~ Part of the Chang’e5 
& lander will take off from 
deeBIbDerlmciely ela = 


Moon rocks 
at least two kilograms (4.4 pounds) of 
lunar material back to Earth. 

If successful, this will be the first 
material returned from the Moon since 
the Soviet Union's Luna 24 mission in 
1976. The lander will collect a sample 
from up to two metres (6.6 feet) below 
the surface using a drill. Part of the 
lander will then lift off, dock with 
another module in lunar orbit, and 
return to Earth. 


Galactic begins flights 





ESA; ESO; Y. Beletsky; JPL; University of Bern; Goddard Space Flight Center; SpaceX; Virgin Galactic 





~ LauncherOne willcarry =" 
satellites into orbit for a 
wide range of missions 
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Fe 
Galloway 
Forest Park 


home to the UK's first 
Dark Sky Park A yg 





ee ‘ " 
stargazer’s delight 
See the wonders of the universe at the UK’s first dark sky park. 
Home to some of the darkest skies in Europe, the Galloway Forest Dark Sky Park 


is the perfect winter destination for an exceptional view of our celestial neighbours. 


With astronomer friendly accommodation, an amazing research level observatory 
and access to friendly Dark Sky Rangers the skies and opportunities are endless. 
To get your time with your very own Dark Sky Ranger 


i aa as (eh seen mms sientaen, ell click on the explore the biosphere tab. 


7 ani big skies, beautiful seffings, quiet roads, miles and miles of walking and 
ot trails and fantastic access to wildlife; the Galloway Forest Dark Sky Park 
a delights both night and day. 
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or call us on 0300 oe 680 00 ee 
www.forestry.gov. ee ed 
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An interview with... 


Astronaut 
Mike Massimino 


The veteran of two Space Shuttle missions talks 
fixing the Hubble Space Telescope and appearing 
on CBS TV sitcom The Big Bang Theory 


Interviewed by Gemma Lavender 


You're a veteran of two Space Shuttle missions, 
could you tell us what's involved in training to go 
into space? 

As an astronaut you get trained to do all kinds of 
things: learn to fly in a high performance airplane, 
learn the systems of the Space Shuttle and the 
Space Station, and learn how to work as a team 

in simulations. You're practising, practising and 
practising. My primary job on my missions was 

to operate the [Canadarm] robot arms a little bit. 
However, my number one job in space ended up 
being the spacewalker. And so, to do that, you piece 
together different experiences - including stuff in 
virtual reality and we had lessons where we had to 


learn about the spacesuit and the techniques [we'd be 
employing in space] and so on. 

It all seemed to come together in our big pool - the 
Neutral Buoyancy Laboratory. That pool is 102 feet [31 
metres] wide, 202 feet [62 metres] long and 40 feet 
[12 metres] deep. It's the largest pool in the world and 
you can fit an entire [mock-ups of the] Space Shuttle 
inside it, the Hubble Space Telescope and the Space 
Station to work on as you would in Earth orbit. You 
can practice what you're going to do in space in the 
water. You're floating in a water column like you'd 
be floating in space. Many hours, days, weeks and 
months of my life add to my days at work in the 
Neutral Buoyancy Lab. It was a wonderful experience 
training for a spacewalk. 


"I had this sensation. It felt like this science- 
fiction monster had grabbed me and was 
taking me far away from home" 
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—— > | Massimino performed 
=. multiple spacewalks on 

mission STS-125 to fix the 
Hubble Space Telescope 





What was it like to fly in the Space Shuttle? 
During the launch, you're lying on your back for a 
few hours, getting ready to go, and then the Space 
Shuttle wakes up. I felt like it was alive when I looked 
at it from the outside; it looked like a beast. And 
then you get inside and you count down and then 
it [the Shuttle] becomes active when there are six 
seconds left. The main engines start and you feel it 
lurch forward and then it comes back to zero. And 
at zero, the solid rockets are lit and then you start 
moving at 100 miles [160 kilometres] per hour. We 
got to 117,000 miles [188,300 kilometres] per hour 
in eight and a half minutes so it was a huge amount 
of acceleration that took place. The Shuttle was this 
powerful, very powerful, machine. 

When we launched, I had this sensation part of 
the way up, that I was leaving the planet for the first 
time. Truly, no kidding, I was leaving home. It felt 
like this machine was a science-fiction monster that 
had grabbed me and was taking me far from home. 
And there was nothing I could do about it; I was at its 
mercy. And hopefully it was going to be a good day 
or else we were going to run into trouble! 


Were you nervous? 

[Laughs] Yes! This was special and I was particularly 
nervous. Looking at it from the outside and looking 
at the Space Shuttle, it seemed alive. I hadn't been 
around the Space Shuttle before, but it didn't have 
any fuel in the tank. They don't put the liquid 
hydrogen or oxygen into the tank until right before 
we launch - because now, basically, you have a bomb 
just sitting there, which is not a good thing. So they 
limit the exposure time so that it’s fuelled at the last 
minute. And so, I was very scared. 

When I first got out there, though, I didn't really 
think about it much. I was very excited about going 
into space. Trying to become an astronaut and then 
getting selected for a flight was great. And then that 
morning, looking at that spaceship, it just looked 
scary. I thought to myself, ‘Maybe this wasn't such 
a good idea. I didn't really think this one through 
enough’ [laughs]. That was the scariest moment. 
Looking at it was frightening. 


You were the first astronaut to use Twitter in 
space. Is this something you intended to do before 
you launched for Earth orbit? 

Yes, I was! I didn't know anything about Twitter; it 
became popular around 2008 or 2009. My second 
spaceflight was around May 2009, and NASA 
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Mike Massimino 


Mike Massimino 
American engineer and 
former NASA astronaut, 
Mike Massiminois a 
professor of mechanical 
engineering at Columbia 
University and senior 
advisor of space 
programmes at the 
Intrepid Sea, Air & Space 
RUE Me ETP ee bAeR Ne Ls 
selected as an astronaut 
by NASA in May 1996, 

is the veteran of two 
Space Shuttle missions, 

a frequent guest on Neil 
deGrasse Tyson's podcast 
StarTalk, and has appeared 
as himself on the CBS 

TV sitcom The Big 

Bang Theory. 
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The Hubble Space Telescope was launched into low- 
Earth orbit in 1990 to provide a view of the cosmos 


Massimino (right) and Good (left) with the home plate 
from Shea Stadium, NY, during a break from training 
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Massimino and Michael 
Good (background) 
completed five spacewalks 
in five days while repairing 
Hubble, setting the record 
for spacewalking time 


“The altitude of Hubble was higher than th 


ISS, so you get a different view: you get to 
see more of the planet and its curvature” 


public affairs had this idea that they would have an 
astronaut that would start using Twitter. It just so 
happened that my spaceflight timing was when they 
wanted to start doing this. So, NASA approached me 
with this idea that I was to start using Twitter - this 
was in April - about a month before I launched into 
space. When NASA asked me, I was very excited 
about it. At the time, I didn't know anything about 
Twitter, I didn't know what it was really; I was more 
worried about flying into space at the time. But they 
explained it all to me, gave me an account and I just 
started off with these little messages. They rigged my 
phone up as well as my computer and showed me 
how to do it. They had someone to sort of help me 
get started a little bit, how to answer tweets, do the 
hashtags and all of that kind of stuff. NASA gave me 
a little briefing on it and I just started doing it. 

I really liked sharing the experiences of going into 
Space more than any other astronaut I know. I really 
enjoy talking about [the experience] so much - not 
just flying, but the people I got to work with: the 
astronauts, the people who helped us get ready to go, 
as well as the teamwork and even the exciting things 
we got to do on the ground - it was just wonderful. 
Imagine; I was just a civilian, academic egghead 
before I became an astronaut. I dreamt about it, but 


I didn't really know what it was like and so, to get 

to do these things - fly high performance aircraft, 
train to do spacewalks and do simulations, get ready 
to fly in space and then actually fly in space - it 

was so out of the ordinary for me. I liked sharing it 
with other people because it was such a unique and 
extraordinary experience. 


You helped fix the Hubble Space Telescope. What 
was it like to be involved in such a historic event 
in spaceflight? 

Yes, that was really extraordinary. I felt very lucky, as 
the Hubble flights were unique. Most of the flights 
we had at that time during my career were Space 
Station-related flights - Space Station assembly, 
missions on the Shuttle... and they were all great 
missions. But Hubble, to me, it was kind of like the 
best flight to be on. Every flight was great but Hubble 
was truly great because the spacewalks that we did, 
they didn't involve a standard spacewalker's routine 
- far from it. It involved something different - the 
altitude of Hubble was higher, about 100 miles [160 
kilometres] higher than the Space Station, so you get 
a different view; you get to see more of the planet 
and its curvature. We set records for both of my 
missions for spacewalking time. We set the record 
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for one of my flights and broke that record on my 
second flight - five spacewalks in five consecutive 
days. So it was a great opportunity to work on this 
magnificent instrument. One thing that I didn't 
realise on my first flight, but did on my second, was 
that I wanted to fly to Hubble again. The Hubble 
team - both on the ground and in space - was a great 
team to be a part of. There's a lot of great dedication. 


What was it like to go on a spacewalk? What does 
space actually feel like? 

Well, when you first get into space, youTe inside 

the cabin inside the spacecraft - you're floating 
around and you get to look out of the window, 
which was great. You get to do your job, but you're 
wearing regular clothes. You are floating though, 
which is really cool. And, when you look through 
the window, it's magnificent. It's kind of like looking 
through the glass of an aquarium. When you go ona 
spacewalk, though, you're kind of like a scuba diver, 
interacting with the [space] environment. You truly 
feel like a spaceman. I felt like, wow, I'm really like a 
Spaceman out here [laughs]. It wasn't like I was in the 
spaceship with other people; I was the only guy in 
the spacesuit. I was out there in space, all by myself, 
with my own life support system there and I could 
look anywhere I wanted. I could look and see the 
planet from where Hubble is. I thought, this would 
be the view from heaven. But then, I thought, it was 
more beautiful than that. It was like looking into a 
paradise. The brightness of the Sun when you leave 
the atmosphere, it’s like, wow! There it is! It looks 
just like a star. And it's bright, really bright! It’s the 
brightest bright I've ever experienced. Getting to see 
the planet and the stars on a spacewalk was truly an 
incredible experience. The greatest thing someone 
can ever do is go into space. 


You've been on television, including Neil deGrasse 
Tyson's StarTalk... 

[Laughs] Yes, I've been on his show. He's actually a 
friend of mine. 


And you've also been on The Big Bang Theory 
several times. Could you tell us a bit more about 
your role on the show and how you got involved? 
Some things you plan in your life, but other times, 
I think you should just look for opportunities. 
Sometimes, things will fall into your lap and you 
can say yes or no and I was lucky that I got the 
opportunity and I said yes [to appearing on The Big 
Bang Theory]. 1 didn't plan this, it just happened. The 
Big Bang Theory producers wanted to pursue the idea 
of sending one of the characters to space - Simon 
Helberg, who plays the character [Howard] Wolowitz 
in the show. So, they wanted to send this particular 
character into space and they wanted to speak to 
an astronaut, so they contacted NASA, who called 
me up. I ended up in the writers’ room with Chuck 
Lorre, and he was there with the other producers 
and the other writers. They were very smart, very 
funny people. They were asking me questions and 
I was telling them stories about shenanigans with 
astronauts. It was hilarious! 

So they were writing this stuff down and that was 
it. | gave them some ideas on the script. A friend of 
mine, who was leaving NASA - a pilot called Charles 
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Hobaugh, or Scorch - was a fan of the show and he 
wanted to see a taping and I said I could get us in 

to see a taping. We flew out to California and saw a 
taping together and that was it. We were all friends 
and we said goodbye, and then a few months later 

I got a call from Bill Prady, who worked with Chuck 
Lorre and the other guys, and he asked if I would like 
to come in for a cameo. I've been on the show a total 
of six times now. 


So, if you could go to Mars, would you? 
Do I get to come home or is this a one-way trip? 


Let’s say it’s a one-way trip... 

No [laughs]. I wouldn't go on a one-way trip... I'm 
coming back! I don't think it's a good idea to go on a 
one-way trip anywhere; you want to be able to come 
back. I think one-way schemes aren't really real. If I 





Space Shuttle Atlantis and its seven-member STS-125 
crew launch for low-Earth orbit on 11 May 2009 


Massimino wears his liquid 
cooling and ventilation 
garment, which goes under 
his EMU spacesuit, on 
board Space Shuttle Atlantis 


betta b 


The STS-125 crew on Launch Pad 39A at NASA's Kennedy 
Space Center, Florida, after a simulated launch countdown 
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Mike Massimino 


could come back, then yes, I would definitely go to 
Mars. I've been on Earth for too long and it’s time for 
me to go back into space. With all of these private 
companies [aiming for Mars], one of them has got 

to be successful. I'm no 
longer a NASA astronaut, 
so I need to somehow get 
back into space again, I 
really do. Sure, Mars would 
be great. I'd really love 

to go. 


Mike Massimino’s book, 
Spaceman: An Astronaut’s 
Unlikely Journey To Unlock 
The Secrets Of The Universe 
published by Simon & 
Schuster UK, is out now. 
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MISSION PROFILE 


JAXAs Akatsuki 
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Mission type: 
Orbiter 
Operator: 
JAXA 


Launch date: 
20 May 2010 


Target: 
Venus 


Arrival in space: 

6 December 2010 
Primary objective: 
To study the 
atmosphere of Venus 


Status: 
Operational 


INTERVIEW BIO 


(Masato Nakamura 
Project manager, 
Akatsuki, JAXA 
Dr Masato Nakamura is a 
Solar System plasma physicist. 
While working at the Institute 
of Space and Astronautical 
Science (ISAS), he developed 
an electric field measurement 
system using artificially ejected 
charged particles, in order to 
derive their electric field (it is 
used on the Geotail satellite of 
ISAS and NASA, and Cluster 
Satellites of ESA). Later, he moved 
to the University of Tokyo and 
developed an Extreme Ultraviolet 
Imager for the plasmasphere 
imaging of the Earth. 


While JAXA - the Japan Aerospace Exploration 
Agency - has only been in operation since 2003, 

in less than 15 years the organisation has already 
made many unmanned voyages to the stars. One 
such operation, the Venus Climate Orbiter (known 

as ‘Akatsuki') launched from Earth in 2010, bound to 
study Venus and its atmosphere. And while its journey 
has been one fraught with drama, it has helped us to 
understand its Earthly similarities like never before. 
Akatsuki was far from JAXA‘s first planetary mission 
and the missions before it paved the way for Japan's 
quest to fill the gaps in our knowledge of Venus. 

Alongside the study of the asteroid 25143 Itokawa 
via the Hayabusa mission in 2003, the Nozomi craft 
would be JAXA’s first interplanetary mission. While 
the Mars-bound Nozomi failed to reach its destination, 
the problems it and JAXA’s other projects encountered 
only served to bolster what would become Akatsuki. 
“We fixed all the malfunctioning systems on Nozomi 
when ISAS [Japan's Institute of Space and Aeronautical 
Science] developed Hayabusa, and Akatsuki was 
designed based on Hayabusa’s failures,” says Masato 
Nakamura, project manager for the Akatsuki mission. 
“You could say our deep space missions are built on 
the failures of what came before them.” 

So why study Venus of all the planets in our Solar 
System? For Nakamura and the rest of his colleagues 
on the Akatsuki project, Venus remained something 
of a mystery despite the number of probes that had 
visited it from other space agencies. Missions by the 
USSR and the US in the 1970s had revealed the planet 
had no oceans, an odd characteristic considering 
that it shares a similar mass, size and distance from 
the Sun with the Earth. Another feature that piqued 
Japan's interest was the speed of Venus’ atmospheric 
rotation, which turns at almost 100 metres (328 feet) 
per second at an altitude of 60-70 kilometres (37-43 
miles) at every latitude. This fast atmospheric flow is 
called super-rotation, and its existence is something 
current meteorology has failed to explain. 

“Explorations by the USSR and US in the 20th 
century resulted only in a static image of Venus, 
so Japan proposed a new mission to reveal a more 
dynamic image of Venusian atmospheric motion,” 
says Nakamura and his team in a recent paper in 
scientific journal Acta Astronautica. “This mission is 
intended to uncover dynamic atmospheric motions at 
different altitudes and, through analysis, enable us to 


understand the pump-up mechanism of the angular 
momentum from Venus to the upper atmosphere.” 
From the desire to unravel these mysteries came 
Akatsuki, a 1.6 x 1.6 x 1.25-metre (5.2 x 5.2 x 4.1-foot) 
box design, complete with two solar arrays that 
would, in theory, produce 700 watts of power when 
outside of Venus’ shadow. With a launch mass of 518 
kilograms (1,141 pounds), it was smaller and lighter 
than NASA's Pioneer 12, which entered a Venusian 
orbit in 1978. Akatsuki's propulsion came from a 
500-Newton bi-propellant, hydrazine-dinitrogen 
tetroxide, orbital manoeuvring engine (or OME) and 12 
mono-propellant hydrazine reaction control thrusters. 
When it launched on 20 May 2010 aboard JAXA’'s 
H-ITA 202 rocket, the plan was to send the probe on 
the six-month journey to Venus and conduct a two- 
year survey. But when the OME failed while Akatsuki 


"The Akatsuki mission 


is intended to uncover 
OhYAOLNGANleMeNHAMels1Ola IMIG 
motions at different 


altitudes on Venus 


was attempting to engage in an orbit around Venus, 
JAXA was forced to abandon the attempt while the 
team worked to prepare the craft for a longer transit. 

And while it took Akatsuki five years to finally 
arrive and successfully enter its first orbit of Venus, 
the last six months have provided some fascinating 
insights into the Venusian atmosphere. “The most 
striking event is that the Longwave Infrared Camera 
discovered a large bow-shaped structure at the cloud 
top,” adds Nakamura. “This structure does not move 
with the super rotating atmosphere; cloud motion is 
much more dynamic than we expected. So we are 
now archiving the data and analysing it.” 

It's a testament to Akatsuki's engineers and 
technicians, that a craft can suffer the failure of its 
primary engine, endure five years of extra travel 
and still complete the very same insertion without a 
hitch. Akatsuki is now providing JAXA with a greater 
understanding of Venus, and with barely half a year of 
study under its belt, we're just scratching the surface. 








AKATSUKI AT WORK 


eum camera (IR2) lym camera (IR1) Ultraviolet 
The second of the micron The first of the two micron Imager (UVI) 
cameras also measures cameras operating on board JAXA has been using the UVI 


| heat radiation, but instead Akatsuki, the IR1 was designed to study the distribution of 
of measuring heat radiation to identify active volcanoes specific atmospheric gases, 
emitted on the surface, it on Venus by measuring heat such as sulphur dioxide. 
studies the levels found in radiation emitted from its surface. It does this on ultraviolet 
the lower atmosphere. | wavelengths between 293 
and 365 nanometres. 


| Longwave Infrared 

| Camera (LIR) 
The LIR instrument is used 
by JAXA to measure the 
composition of high-altitude 
clouds at a wavelength where 
they emit heat (around 10 um). 


| Lightning and Airglow 
| Camera (LAC) 
One of the most important 
instruments on board the 
Akatsuki, the LAC is used to 
measure visible wavelengths of 
552 to 777 nanometres on Venus. 





orbital “It took Akatsuki 


manoeuvring 
engine (OME) Solar array paddle 
The OME is the main With the spacecraft working another five YedIs 


means of propulsion in such close proximity to f 1 lI 1 d 
used by JAXA to move the Sun, the Akatsuki's solar to Nd VY diTive af) 

the Akatsuki spacecraft array paddles will enable it f ll : 
into a correct and to partly power itself with a SUCCESS u Y enter Its 
stable orbiting position. steady stream of sunlight. first orbit of Venus’ 





MISSION PROFILE 


Progress report 


After almost a year of its main mission, all signs 
show that Akatsuki is performing as it should do 
and as expected. Despite spending an additional 
five years in transit following its failed first 
attempt at entering orbit around Venus, JAXA 
reports that almost all of its components and 
instruments are still fully operational. In fact, 
following a series of adjustments made to the 
craft's trajectory in March of this year [2016], 
the spacecraft is now able to make even more 
accurate readings. 
Around mid-May 2016 marked the official 

commencement of the craft’s planned two- 

year mission, and the team at JAXA seems 
confident in its ability to see the project through 
to completion. “All the subsystems, except the 
broken OME engine, are still working perfectly,’ 
reveals Nakamura in regards to the spacecraft's 
current condition. “IR1, IR2, UVI and LIR 
cameras are taking Venus images every day 
as planned, while the Lightning and Airglow 


The adjustment to Akatsuki's erste TRV ENael 
OP EEKS ie) em .U.eca ce capture Tereckes 
Venus in far higher definition 





AKATSUKI. ATTEMPTING 


Orv eesse1} 


Assuming orbit position 
Following five years of additional 
travel back towards Venus, the 
Akatsuki craft begins to shift its 
telemetry towards the planet it was 
built to study. 


(ae CaO 94750) 


Tracking Akatsuki begins 
Now that Akatsuki is beginning its 
final preparations, the Usuda Deep 
Space Center begins tracking the 
craft with its 64m (210ft) beam 
waveguide antenna. 


Camera (LAC) is currently awaiting the next shadow 
and will be operational in November [2016]. 

So what's the plan for the Akatsuki spacecraft 
going forward? “With the last orbit manoeuvre 
in April, the Akatsuki spacecraft will be kept in 
safe orbit until around December 2018,” says 
Nakamura. “The spacecraft’'s mission life depends 
on the remaining fuel and we still have at least one 


‘All of Akatsuki’s 
Subsystems, except 
the broken OMS 
engine, are still 
working perfectly 


kilogram (2.2 pounds) of fuel left on board - although, 
optimistically, we're hoping that’s closer to four 
kilograms, or 8.8 pounds.” 

With a rough estimate of the fuel remaining on 
board the spacecraft, how long does Nakamura 
and the rest of the team at JAXA believe it will 
continue to function? “With around one kilogram 
(2.2 pounds) of fuel, the spacecraft will survive 
somewhere between two and three years,” he 
comments. “We will continue the observation until 
the fuel tank is empty, because we need a lot of 
data to do the statistical study, especially deriving 
the wind vectors.” 

In fact, there's the possibility that Akatsuki 
could continue to function for as long as five years 
over its planned two-year mission - and that’s 
even with the five-year delay made during its first 
orbit insertion attempt. Of course, many of these 
hopeful estimates depend on how much time the 
spacecraft spends in the shadow - or penumbra 
- of Venus, as the lack of sunlight there will 
certainly drain its power reserves. 


A SECOND ORBIT 


GvcceOiksqier- 


Entering the penumbra 
Roughly four hours later, the 
Akatsuki spacecraft is tracked 
entering the penumbra of Venus 
(in other words, the craft passes 
through the planet's shadow). 


Lift-off 
The Akatsuki craft 
successfully launches 


from the island of 
Tanegashima, Japan, on 
20 May 2010 aboard a 
H-IIA rocket, along with 
an IKAROS solar sail. 
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Firing the thrusters 

Half an hour later, the craft begins 
firing its RCS (reaction control 
system) thrusters. It does this for 
around 20 minutes or so in order to 
enter Venusian orbit. 





Journeying 

to Venus 
After breaching our 
atmosphere, the Akatsuki 
spacecraft begins its planned 
six-month quest from the | 
Earth to the second brightest 
object in the night sky. 
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Rotation begins 

In order to initiate the next stage 
of its orbital insertion, the Akatsuki 
spacecraft begins slowly rotating. It 
does this by using the opposing set 
of RCS thrusters. 


Orbital 


insertion woes 


Mission profile Akatsuki — 





On 6 December 2010, JAXA 
_ begins the insertion sequence 


for orbit around Venus. But 


when the signal is blocked by 
_ Venus itself, the orbiter fails 
to complete the manoeuvre. 


Prepare for 

re-insertion 
With a second attempt 
planned for five years later, 
a series of pre-insertion 
adjustments are made on 
1, 10 and 21 November 
2010, as well as 17 July and 
11 September 2015. 


7 DOCaaOits 
Additional tracking 


In order to track Akatsuki and 
ensure the craft is completing its 
orbit, the Canberra Deep Space 
Communication Complex provides 
additional data to JAXA. 
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Orbit confirmed 

Following two days of study 

with the Deep Space Network, 
JAXA holds a press conference to 
confirm Akatsuki has successfully 
entered orbit around Venus. 


In orbit 

On 7 December 
2015, more than five 
years after its original 
attempt, the Akatsuki 
craft finally enters 
orbit around Venus. 


Orbital 

adjustments 
On 26 March 2016, JAXA 
makes additional changes 
to the trajectory of the 
craft, reducing its orbit 
around Venus from 13 days 
to nine days and decreasing 


| its apoapsis to around 
| 330,000km (205,052mi). 


Main objectives 


Study the atmospheric rotation 
of Venus 

The main goal of the Akatsuki mission 
is to determine why Venus’ atmosphere 
moves faster than that of the Earth, 
despite the fact the two planets share 
such close chysical similarities. 


Search for volcanism and 
lightning on Venus 

As part of its ongoing mission, JAXA 
launched Akatsuki in order to determine 
whether Venus plays host to volcanic 
activity or electrical storms. 


Perform infrared imaging 

In order to bolster the data collected by 
the USSR and the US, JAXA intends to 
use Akatsuki's onboard imagers to take 
shots of Venus’ surface and atmosphere 
in infrared. 
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An X-37B has been in orbit for more than 500 days on a mystery mission. a 
All About Space uncovers what the ex-NASA spacecraft is really up to 


Written by David Crookes 
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Top secret Space Shuttle 


There are many mysteries surrounding the nature of 
the universe that scientists around the world work 
hard each and every day to unravel. Why do pulsars 
pulse? What is dark matter? Is there life on Mars? 
But there are also some mind-bending teasers that 
have been created by humans, which perplex even 
the greatest of minds. What, for instance, has the 
US military's unmanned X-37B space plane been up 
to during its numerous orbits of the Earth for more 
than 500 days? And why have the four missions to 
date been shrouded in secrecy? 

Few people outside the project know and even 
fewer will give you the full lowdown on the true 
purpose of X-37B, as this is a military mission 
and most of the information about it is firmly 
classified. As such, it has sent conspiracy theories 


into complete overdrive, especially since it is flying 
far in excess of the 270 days it was originally built 
for. Some say the craft is spying on other nations, 
others believe it could be a space bomber. The truth 
may well be much more mundane than that but it is 
hugely fascinating nonetheless. 

What we do know is that X-37B exists and that 
airplanes and rockets with the X-designation have 
long been known to be experimental, high-speed 
vehicles. We also know what it looks like, what it 
contains and how it is powered. These are tit-bits of 
information, which the military appears quite happy 
to discuss, but then that level of detail was already 
out there before the US Department of Defense took 
control of the project. To understand how and why, 
we need to go back in time, to 1999. 


“Airplanes and rockets with the 
X-designation have long been known to be 
experimental, high-speed vehicles” 
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Planninga ~— 


secret space 
mission 


After the third OTV mission, the 
X-37B lands having conducted 
experiments for 674 days 


May 2000 

A test vehicle is 
delivered to NASA 
With a $173mn (£141mn) deal 
struck between NASA and 
Boeing, the X-37 project gets 
underway and is based upon 
the X-40A. 


In that year, NASA, Boeing and the US Air Force 
embarked on a $173 million (approximately £141 
million) venture to create a vehicle that could 
achieve orbit in outer space, collect test-data in 
the Mach 25 re-entry region of flight and make 
autonomous landings. “We're going to do some 
missions in orbit, like rendezvous and station 
keeping,” Boeing programme manager David Manley 
told CNN in 1999. “On the second flight we plan to 
Stay up there for almost three weeks and test some 
of our systems.” 

At that stage, X-37 was to be a test bed for 
technologies such as thermal protection systems, 
storage and aerodynamic features for reusable space 
vehicles. NASA released an artist's impression of 
the space plane, which was shown to be far smaller 
than the Space Shuttle, with a 2.1-metre x 1.3-metre 
(seven-foot x four-foot) payload bay that could be 
used for experiments. The space agency and its 
partners said they wanted the plane - or the Orbital 
Test Vehicle as it’s known - to reduce launch costs 
by 90 per cent, making space transportation and 
operations much more affordable. 

As well as experimenting with non-toxic liquid 
propellants, they also hoped that the tests would 
result in safer and more reliable flights too. But 
then, in 2001, the project hit the rocks when the 
Air Force pulled its funding. Although the project 
went ahead anyway, with Boeing awarded a new 
$301 million (£246 million) contract and asked to 
build two X-37 vehicles, one of which would be used 
in drop tests within the atmosphere, development 
ended up being pulled back two years later. NASA 
concluded that it wasn’t sitting well with its agenda 
of space exploration and so, in 2004, it handed the 
project to the Defense Advanced Research Projects 
Agency (DARPA), an agency of the US Department of 
Defense that is responsible for developing military- 
use technologies. It was then that the project 
became classified, so much so that NASA - which 
retained some involvement - said it couldn't even 
name DARPA to the public. It only did so when it 
was given permission a couple of days later. 

But why did the department take over? “During 
the years when Donald Rumsfeld was Secretary 
of Defense [2001-2006], the Pentagon was pushed 
to move from thinking in terms of platforms such 


November 2002 
Boeing asked to complete 
| X-37 development 
| NASA is impressed by Boeing's work 
and awards it the contract to continue 
| development of the X-37 Approach 
and Landing Test Vehicle, with a view 
to conducting atmospheric flight tests. 


sane 


September 2004 
Project transferred 
to DARPA 

NASA transfers the X-37 
technology demonstration 
programme to the 
Pentagon's DARPA. NASA 
says it will remain involved. 
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Test flights are 
successful 

Boeing announce their fifth 
straight flight of the X-40A 
Space Maneuver Vehicle, 
dropping it from a Chinook 
at 4,572m (15,00Oft). 


Boeing drop tests 
X-40A vehicle 

Boeing creates the X-40A 
Space Maneuver Vehicle to 
85 per cent scale and it is 
successfully drop-tested, 
pleasing the US Air Force. 


NASA plans experimental 
space plane 

NASA says it wants to build two 
vehicles, an Orbital Vehicle and 
an Approach and Landing Test 
Vehicle as a test bed for new 
reusable rocket technologies. 
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US Air Force X-37B vs NASA Space Shuttle 


Top secret Space Shuttle 








It's seen as a miniature version of an iconic spacecraft, but how does the X-37B really measure up? 
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24m (78ft) 


November 2006 

US Air Force 

announce X-37B 

The US Air Force says it is going 
to develop its own variant of 
NASA's X-37 - the X-37B Orbital 
Test Vehicle. 


October 2008 

Space plane takes priority 
NASA is looking to launch its 
Lunar Reconnaissance Orbiter 
and Lunar Crater Observation 
and Sensing Satellite, but X-37B 
is scheduled in to use the Atlas V 
rocket launcher instead. 
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4.6m (15ft) 
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The Space Shuttle could hold eight 
people. None have flown on X-37B 
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US Air Force X-37B 


8.8m (29ft) 
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April 2010 

First X-37B 

vehicle launch 

X-37B OTV-1 is launched from 
Cape Canaveral and placed 
into low-Earth orbit for testing. 
It suffers a tyre blowout on 
landing in December. 


March 2011 

Second X-37B gets 

its launch 

OTV-2 launches for Earth orbit 
in 2011 with the remit of testing 
new space technologies. It 
ends up in orbit for 468 days 
and 14 hours. 





minutes. X-37B's third 
mission lasted 675 days 


compared to just four for X-37B 


27,870km/h 


Speed of the Space Shuttle, 
compared to the 28,044km/h 
speed of the X-37B 








of the X-37B, 
STS-80 Columbia's compared to the 
mission flew for 17 days, 2,040,000kg of 
eight hours and 53 the Space Shuttle 


: C4 The number of Space Shuttle missions, 


60 feet 


Length of Space 
Shuttle’s payload 
bay - ten times 
that of X-37B 


World record: 
X-37B is the 
smallest orbital 
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December 2012 

A third mission 
launches 

Six months after OTV-2 
lands, OTV-3 launches. It is 
in orbit for 674 days and 22 
hours, before landing back 
on Earth in October 2014. 
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May 2015 

A fourth mission 
launches 

The US Air Force launches a 
fourth mission, again from Cape 
Canaveral, which it says is to test 
the Hall-effect thruster and do 
onboard scientific experiments. 
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Top secret Space Shuttle 


as ships, planes and tanks to capabilities,” reckons of course,” says Gubrud. DARPA together with adds. “That definitely indicates that the payloads 
Joan Johnson-Freese, a professor of national security the Space and Intelligence division of the Boeing have a national security purpose.” 
affairs at the US Naval War College in Newport, Company and NASA, has issued photos of X-37B The first X-37B - OTV-1 - was launched atop an 
Rhode Island, indicating the military saw the and, in the early days, it detailed drop-tests - the expandable Atlas V rocket on 22 April 2010. As 
potential future possibilities on offer. “The more act of raising the spacecraft to a certain altitude expected, no details were forthcoming about its orbit 
capabilities a technology or piece of equipment and then releasing it. They spoke of difficulties or the experiments that had been packed into the 
could deliver, the higher its overall value.” they encountered during their testing of the space payload bay. It led to speculation that it was perhaps 
With the days of full openness about the project plane's in-flight characteristics and they didn't being used as a spy Satellite. Indeed, there is a wide 
coming to an end, speculation began to mount. But hide its components, nor that it is powered by a agreement among experts that it is perhaps being 
it wasn't surprising. “I think the secrecy is routine,” single Aerojet engine with storable propellants. “But used for some sort of secret reconnaissance. But the 
says physicist Mark Gubrud of the Peace, War and they've decided to keep the payloads secret,” Gubrud Pentagon has strongly denied suggestions that OTV-1 


Defense curriculum at the University of North 


Carolina. “Once it’s been decided that something “They sel ie decided to keep the payloads 


is classified, they carry out that policy.” And yet, 


interestingly, they didn’t go down the path of a secret, which indicates that the payloads 


blanket ban on all information. 


“They do announce the launches, which are have ad national oe Uhelay jo 0hg 805m Mark Gubrud 


observed from the ground and tracked by amateurs, 




































 Hall-effect thruster 
| An advanced ion 
engine, called a Hall 
thruster, is said to be 
the focus of the latest 
X-37B space mission. 


Tech Specs 


Length: 8.8m (29ft) | ~) Payload bay 
Measuring just 2.1m x 1.2m 


(6ft x 4ft), the payload bay is 
Launch weight: 5 tons limited. Often compared to 
Operating altitude: the size of a pickup truck bed, 
200-925km (124-575mi) it could fit a small satellite. 


Re-entry speed: Mach 25 


Wingspan: 4.6m (15ft) 





The space plane |) 
is unmanned and 
operated robotically. 
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There is a navigation and flight 
control system for orbital and 
atmospheric flight, which 

tests an autonomous guidance 
system for re-entry and landing. 


Ra) (el key elke) dle (2B 
a good propellant. 


Jet Propellant 8 > 
kerosene fuel is 
on board. 





Maslin *)ce)ceatceyn 
Silica ceramic tiles are used 
to create the heat-resistant 
thermal protection system, 
shielding the craft from a 
harsh re-entry, but they 
are Said to be different to 
those on the Space Shuttle. 


~ It gains power froma Where it 
deployable solar array. lands Nevada 





Previous missions 
have landed California 
automatically at 





~~ Advanced avionics 
The craft boasts advanced avionics for function- 
performing systems such as communication Vandenberg Air Force 
and navigation. The craft is testing lightweight Base, California. 
electromechanical flight systems. 
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“The X-37B is a technology test bed. It was 
designed to test its feasible capabilities 
across a wide range of options” 


was being tested as a weapon, categorically stating 


that it was not supporting the development of space- 


based weapons. So what does the Pentagon say? 
Only that X-37B would demonstrate experiments 
and allow satellite sensors, subsystems, components 
and “associated technologies” to fly to space and 
back. So no military use? 

“A lot of those technologies are probably dual-use, 
in the sense that they have both military and non- 
military applications, but that’s almost always the 
case for space technologies,” says Brian Weedon, a 
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OTV-4 has been orbiting Earth for over 500 days at an altitude of 318km (198mi). 
It completes an orbit once every 90 minutes at a low inclination of 38 degrees. 


Atlas V Booster 
OTV-2 
age N A eyel@ Mi rela lay 4 
Forward load reactor 
Cael 0lg 
RL 10A Centaur Engine 


Centaur Conical 
Interstage Adapter 


Atlas V Booster 


The expendable Atlas V Booster contains a 
Russian built RD-180 engine - it burns kerosene 
and liquid oxygen to power the first stage and 
liquid hydrogen and liquid oxygen for the upper 
stage. It was used to launch the X-37B into space. 
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technical advisor for the non-profit Secure World 
Foundation. One thing's for sure; one mission has 
not been enough. A second Boeing X-37B took off 
from an Atlas V rocket on 5 March 2011. While the 
first had spent 224 days and nine hours in space, 
this one spent 468 days, 13 hours and two minutes 
in low-Earth orbit - surprising given that the space 
plane was only built for 270 days travel. Again, the 
specific identify of the payload was not revealed, 
although as with the first craft, there was a folded 
solar panel in the payload bay that could be opened 
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to power the space plane on its mission. Again, 

it wasn't the end. On 11 December 2012, the first 
X-37B embarked on its second mission - and the 
third mission in total. This time, the US Air Force 
Said it was being used as part of a learning process, 
building on the results of the first flight. This time 
around it didn’t make frequent orbital manoeuvres 
so there was some sort of learning process going on. 
But to what aim? 

“The X-37B is a technology test bed,” says 
Johnson-Freese. “Therefore, it likely wasn't designed 
with a particular purpose in mind, but rather to 
test its feasible capabilities across a wide range 
of options. Clearly, from the number of missions 
flown, the duration of the missions flown, and 
the variety of speculated tasks it has carried 
out - including orbit changes and experiments 
carried on board that we know about - the Air 


What's on board? 


Hall ion-powered thruster 

Hall thrusters are electric propulsion devices that 
create thrust by ionising and accelerating a noble gas 
(those which make up Group O of the periodic table, 
typically xenon). They offer better fuel economy and 
allow larger payloads and more on-orbit manoeuvring. 
This thruster is a modified version of those used on 
Advanced Extremely High Frequency military craft. 


LightSail 

The non-profit Planetary Society took advantage of the 
mission by hitching a ride, putting a small LightSail into 
Earth's orbit. It carries four large, reflective sails that 
measure 32m? (344ft?) and although too small to sail 
to the stars, the mirrored sails use the Sun's energy to 
generate momentum. Photons within the Sun's light 
push on the surface, lending a continuous thrust. 


CubeSats 

CubeSats are mini research satellites and, aside from 
LightSail, X-37B deployed a further nine. Highly 
technical, they included a satellite researching the 
hosting of web servers on a CubeSat, one testing the 
on-orbit operation of a Micro Cathode Arc Thruster, 
and one demonstrating the use of the Globalstar 
constellation to control low-Earth orbit spacecraft. 


NASA test equipment 

A NASA experiment called Materials Exposure and 
Technology Innovation in Space is looking to expose 
100 different materials to the harsh environment of 
space. It is hoping to expand on the results gained by 
conducting a similar experiment on board the ISS, with 
some of the materials previously looked at being taken 
on board the space plane for testing. 


A good dollop of mystery technology 

As befits a mystery mission, there are bound to be 
other items on board the space plane but official 
sources are not letting slip on further details. It is likely 
that whatever is on board will be tested for the effects 
of long-term exposure. The bonus of a spacecraft like 
this is that any objects that are sent up can be brought 
back down for further tests. 
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Top secret Space Shuttle 





Force is pushing the envelope to determine what 
the vehicle can do.” Then to the fourth and latest 
mission, which launched on 20 May 2015 using the 
second X-37B vehicle. This time there seems to be 
more information, although the Air Force, which is 
running the programme via its Rapid Capabilities 
Office, won't confirm if the objects on board are the 
Same as the previous three missions. Once more, 
conspiracy theories abound: is it taking out satellites 
(we'd probably have found out soon enough if it was) 
or is it on surveillance (maybe so)? 

What we know for certain is that it is being used 
to test the onboard 4.5-kilowatt Hall thrusters, 
which could allow for even longer flights. “This 
is a type of ion engine,” explains Weedon, “and it 
is different from the typical rocket engines that 
use chemical propulsion.” Why is this important, 
though? “Chemical rocket engines typically need 
to carry significant amounts of one or two different 
fuels, which gives them significant thrust but only 
for relatively short periods of time. Ion engines 
use a very small amount of a noble gas, such as 
xenon, and electricity to accelerate that gas to very 
high speeds,” Weedon adds. “The result is a lot less 
‘oomph’, but much more efficient thrust that can 
last for a much longer period of time. It’s somewhat 
similar to comparing a race car that can go really 
fast for a few laps, to a solar-powered electric car that 
takes a long time to get up to speed, but can keep 
going for a long, long time.” 


58 


The first X-37B vehicle in 


the encapsulation cell of 
the Evolved Expendable 
Launch vehicle in 2010 


vy } 


The White Knight jet-powered carrier aircraft by 
Scaled Composites launched the X-37A on test flights 





“There is a high feasibility that the X-37B 


contains intelligence-gathering sensors 
such as radar, optical and infrared” 


But that’s not the only purpose. As well as 
conducting scientific experiments (see ‘What's on 
board?’ on page 57), the current mission is likely to 
continue testing advanced guidance, navigation and 
control; avionics; high temperature structures and 
seals; lightweight electromechanical flight systems; 
advanced propulsion systems; thermal protection 
systems; and the autonomous methods of orbital 
flight, re-entry and landing - all things that the 
project managers have stated it is doing without 
delving into very much detail. 

Does that completely rule out that it could be a 
space bomber, though? “I do not believe that X-37B 
d for any role as a space weapon,” 

“Its re-entry tiles, wings and landing 

ust dead weight if you are using it to 

n uvre and attack in space or even just inspect 
foreign satellites. Nor is it likely to be feasible to grab 
adversary satellites and bring them down using the 
X-37B. It is too small and not equipped with robotic 
tools that would be needed to grab and secure a 
satellite and trim off its antennas, solar panels and 
so on, to fit it and secure it in the small cargo bay.” 








So no part could be for military use? “Since 
the overwhelming amount of space technology 
is dual use, certainly some of those capabilities 
could be considered weapons related if only 
peripherally,” says Johnson-Freese. Mystery once 
more but certainly, ion engines are not unique to 
the military - many satellites use them today. But, 
as Weedon says, there is a high feasibility that the 
X-37B contains intelligence-gathering sensors such 
as radar, optical and infrared, and that the thrusters 
will allow for the development of lighter low-orbit 
satellites that could take better ground images. “My 
guess is that they include some classified sensor 
technologies for remote sensing,” he explains. “That 
could include optical imaging sensors, although 
given the orbit of the X-37B, it’s more likely to be 
radar imagers or signals intelligence sensors.” 

Of course, we can't say whether or not we will 
ever truly discover all that is on board X-37B. Neither 
do we know everything it has been doing in the 
500 days and more that it has been in orbit. But one 
thing's for sure; those out of the loop will be keeping 
a close eye on it for the foreseeable future. 
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Planet Earth Education is one of the UK’s most popular and longest serving providers of distance learning 
Astronomy courses. We pride ourselves on being accessible and flexible, offering attractively priced courses 
of the highest standards. Students may choose from five separate Astronomy courses, suitable for complete 
beginner through to GCSE and first-year university standard. 


Planet Earth Education’s courses may be started at any time of the year with students able to work at their 
own pace without deadlines. Each submitted assignment receives personal feedback from their tutor and as 
there are no classes to attend, students may study from the comfort of their own home. 


Of paramount importance to us is the one-to-one contact students have with their tutor, who 1s readily 
available even outside of office hours. Our popularity has grown over several years with home educators 
using our courses for the education of their own children, many of whom have obtained recognised science 
qualifications at GCSE Astronomy level. With each successfully completed Planet Earth Education course, 
students receive a certificate. 


Visit our website for a complete syllabus of each available course, along with all the necessary 
enrolment information. 


Courses available for enrolment all year round. 





Future Tech Cryovolcano explorer 


Cryovolcano 





explorer 


The icy moons of the outer Solar System 
host more liquid water than Earth, and 
NASA is planning to explore their oceans 


Although we have known for some time that Jupiter's 
moon Europa is covered with smooth ice, indicating 
a likely global subsurface ocean, it has more recently 
become apparent that several of the moons of the 
outer Solar System each host more liquid water than 
Earth. This makes them good candidates for finding 
extraterrestrial life relatively nearby. But how could 
we possibly gain access to their subsurface oceans, so 
far from Earth and underneath kilometres of ice? 

Initial ideas mostly involved landing a probe with 
a Radioisotope Thermoelectric Generator (RTG), a 
device that generates power from the decay heat of 
a lump of plutonium, using that to melt through the 
ice. RTGs have been frequently used for outer Solar 
System missions where solar energy doesn't provide 
enough power (NASA‘s current Juno mission at 
Jupiter is the furthest reaching solar-powered probe); 
but when you want to explore a potentially pristine 
life-bearing site, dropping in with a lump of radiotoxic 
material aboard is less than ideal. Now we know 
there is another option and NASA is researching a 
mission for it: cryovolcanic vents. 

The Cassini mission exploring Saturn and 
its moons first found spectacular jets of water 
being sprayed into space from the frozen 
Satellite Enceladus, another strong contender 
for extraterrestrial life. This means there are actually 
connections between the hidden oceans and the 
surface, and just this summer it was announced 
that the Hubble Space Telescope had spotted similar 
plumes coming from Galilean moon Europa. 

Initially, future orbiters are likely to fly through the 
plumes in space to determine what molecules are in 
them, but NASA is now studying a potential mission 
to climb down the vents and into the oceans, with 
the Icy-moon Cryovolcano Explorer, also known as 
ICE. Not having to melt through an ice cap makes 
exploration much easier and ICE will consist of three 


sections: a surface module/lander, a descent module, 
and autonomous underwater vehicles. 

The surface module/lander will land everything 
on the surface of an icy moon near the vents and it 
will then stay there, acting as the communications 
and power station for the mission; this keeps the 
RTG out on the surface and away from the ocean 
environment. The descent module will be a super- 
rover, able to drive, climb or abseil, over, into and 
down the vents, while remaining connected to the 
surface module via an umbilical cable carrying 
power and optical fibres. Although there is material 
spraying out of these vents, the density is very low so 
it shouldn't be a problem for the descent module to 
enter against the flow of material. 

Once it reaches the ocean it will then deploy 
autonomous submarine explorers; these could 
be battery-powered, free-swimming devices 
that only return to the descent module for 
recharging. However, radio waves don't travel well 
through water, so the explorers would communicate 
with the descent module via an acoustic system, 
transmitting digital data through the water as sound. 
This would then be passed up the cable to the 
surface module and then back to the orbiter or Earth. 

It will be quite some time, probably decades, 
before such a mission makes it into space, but the 
data we collect will be fascinating. These subsurface 
oceans are likely cold, arctic environments, but 
they have held larger bodies of water in a more 
stable condition and kept them protected within 
their ice shells, for longer than Earth’s oceans have 
been around. The lack of abundant solar energy 
means that we're unlikely to find cities akin to 
Gungans - the water-dwelling aliens of the Star 
Wars films - but there is a good chance of finding 
simple extraterrestrial life, even within the confines 
of our own Solar System. 


“The descent module will be a supert- 
rover, able to drive, climb or abseil, 
over, into and down the vents” 
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Surface module/lander _ 
A conventional rocket- 
powered planetary lander will 
soft-land the equipment on 
the surface of an icy moon. 





ele on re\e=Kelesrl6 
A number of outer Solar 
System moons appear 
to harbour liquid water 
subsurface oceans, where 
gravitational stretching has 
melted their icy innards. 
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~ Communications 
The surface module will 
be the communications 
Emel aN lo] aml Kelee lit 
exploring the oceans 
and an orbiter, or it 
will transmit the data 
directly back to Earth. 
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Water inhibits radio 
communications so it 
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descent module would 
communicate with 
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digital acoustic system. 
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Descent module 


A super-rover module with the 
ability to drive, walk or abseil 
would climb down the vent. 

It could be based on NASA's 
ATHLETE concept of several 
wheels on robotic limbs. 


Umbilical cable 


The surface module will power 
and communicate with the 
descent module via a permanent 
cable, likely composed of power 
conductors and optical fibres for 
data transmission. 


_ Autonomous submarines 


The descent module could carry 
multiple small, autonomous 
submarine explorers. They 
would be battery-powered and 
would return to the descent 
module only to recharge. 





© Adrian Mann 
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As Rogue One hits the cinema, take a tour of 
some of the planets and moons that could 
serve as locales in the Star Wars universe 
Written by Giles Sparrow 


SATURN'S | 
MIMAS 


Death Star 


The film Rogue One: A Star Wars 
Story promises to give us an up-close 
view of the Empire's original Death 
Star space station but, of course, 
Grand Moff Tarkin’s moon-sized 
technological terror made its debut in 
1977 and was dreamt up by George ag 
Lucas and his designers years before . : , | iy rah J ‘| al) 
that. So it was a big surprise when | ' : 
in 1980 the Voyager space probes 
found a duplicate for the Death Star 
on our cosmic doorstep. Even the 
best Earth-based telescopes showed 
SIMD NSU ASMCIDOE- DO MBA Talc) mp pnLole)s mY RDBRE IS 
as just a tiny disc of light, but the 
first close flybys of the Saturn system 
revealed an icy world dominated by . a 
a giant crater almost one-third the io ” Maree ee ee Ea, Ps f ry 
he Daslcicoomeymas (cman lee em IRS Im é F ' ‘Je 4 
Mimas’ giant crater (named 
Herschel after the astronomer 
William Herschel, who discovered the 
moon in 1789) bears an irresistible 
resemblance to the enormous 
dish used to focus the Death 
Star's planet-killing laser beams, 
but its origins are very different. 
Herschel is the scar left behind by 
an enormous impact that reshaped 
the moon's surface long ago. Relative 
to the size of its parent body, it’s the 
largest crater in the Solar System, 
and experts think the impact would 
have come close to shattering Mimas 
completely - in fact, the moon may 
only have survived because its icy 
composition absorbed the shock 
more easily than pure rock. 


If Mimas was scaled up to the 

size of Earth, Herschel crater 
would be wider than 
OREO Ma ildeM ells 
over 200km 
(124mi) high 


: ———— 
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imas' Herschel crater is around 130km 
..(80mi) Vitals 
~ Fractures on the opposite side of Mimas 
| show how shock waves from Herschel's 
formation travelled around the moon 
» Herschel crater is thought to be around 
alee) 
Mer eRe hee eM man 
¥ Mimas is the smallest known object with 
| enough gravity to pull itself into a sphere ] 
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EXOMOONS 
Endor & Yavin 


Star Wars first suggested that the moons of giant 
planets could host life; the Rebel base is hidden in 

the jungles of Yavin, while Return Of The Jedi sees 

our heroes visit the forest-covered moon, Endor. At 

the time, no exoplanets had been discovered and 

the moons of our Solar System's giants were seen as 
frozen balls of rock and ice. But in 1979, astronomer 
Stanton J Peale and his colleagues predicted that 
Jupiter's moons might be geologically active, due to the 
tidal pummelling of the planet's strong gravity. Just 
weeks later, Voyager 1 photographed active volcanoes 
on Io. Since then, the discovery of exoplanets has 
shown that many gas giants orbit much closer to 

their stars than expected. So the prospect of habitable 
moons orbiting gas giants at an Earth-like distance 
from their stars seems much more likely - the hunt for 
exomoons like Endor and Yavin is underway. 





There's no reason to believe that exomoons are rare, but 
so far none have been conclusively detected 


J ey teres is probably tidally locked, so mantis 
one side TES under the heat ofitsstar,the  — 
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COROT-7B 


Mustafar 


In Revenge Of The Sith (2005), the volcanic mining 
outpost of Mustafar provides the backdrop to the duel 
between Obi-Wan Kenobi and Anakin Skywalker. Our 
Solar System's closest equivalent is Jupiter's volcano- 
wracked moon Io, but in 2009 the COROT planet- 
hunting mission found a far closer match orbiting a 
distant Sun-like star, about 490 light years away. 
COROT-7b was discovered using the transit 
method, where tiny dips in the brightness of its 
parent star are measured. The planet moves across 
the face of its star every 20.5 hours, allowing 
researchers to work out that the planet's diameter is 
1.58 times that of Earth. The star's wobble shows that 
the planet has a mass of several Earths, but it is not 


WHEN WHITE DWARES 
DEVOUR THEIR PLANETS 


In the first Star Wars, the destruction of Alderaan 
not only reveals the power of the Death Star, but 
also sets Luke Skywalker on his heroic journey. 
Fortunately, there’s no such thing as a Death Star 

- or is there? Astronomers think that many planets 
meet their doom at the hands of their stars - usually 
when the star swells to a red giant in the final stages 
of its life and engulfs nearby planets. Occasionally 
though, even the burnt-out corpse of a star can turn 
into a planet-killer. In 2015, astronomers studying 
the Kepler data found evidence of a planet transiting 
across the face of a white dwarf (the collapsed core 
of a star). It is a little larger than Earth and the planet 
crosses its face every 4.5 hours, suggesting that it 
orbits at twice the distance between Earth and the 
Moon. What's more, follow-up observations revealed 
a series of smaller dips, suggesting that the planet 
shares its orbit with chunks of debris that are being 
blasted off the planet by fierce radiation. The white 
dwarf’s own spectrum showed signs of ‘pollution’ 
by heavy elements in its outer layers - material that 
could only have come from the orbiting planet. 
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Star Wars worlds 





in the Jupiter class; it is a rocky world with a similar 
density to Earth. COROT-7b orbits just 2.5 million 
kilometres (1.6 million miles) from its star and has a 
temperature of 1,800-2,600 degrees Celsius (3,300- 
4,700 degrees Fahrenheit). Any atmosphere would 
have been blasted away, leaving the planet's daylight 
side hot enough to melt most rocks. It’s no wonder, 
then, that COROT-7b has been declared the prototype 
for a whole class of Mustafar-like ‘lava ocean’ planets. 


(FAST FACTS ABOUT COROT-7B_\\ 


COROT-7b is around 2bn years old 

It is more than twice as dense as Earth 

It probably contains a much higher content of 
heavy elements than our planet 

It may have an atmosphere of evaporated rock 
on its night side 


A white dwarf might take 
slightly longer to destroy a 
planet than the Death Star, but 
in the end it’s just as lethal 
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Tatooine 


The double sunset over the sands of Tatooine is 
one of the most iconic images in the entire Star 
Wars saga, but could such a beautiful sight happen 
in the real universe? Binary and multiple stars are 
commonplace in the Milky Way (in fact, they are 
thought to account for most of our galaxy’s stars), 
but many astronomers doubted whether planets 
could form around such stellar pairs, let alone 
remain in a stable orbit in the face of a constantly 
changing balance of gravitational forces. 

That all changed with the discovery of Kepler 
16b in 2011. This Saturn-like planet was found by 
NASA's Kepler satellite, using the transit method of 
detection - looking for dips in the brightness of the 
system as the planet passes in front of the parent 
stars. The discovery was made more complex by 
the fact that the two stars periodically eclipse each 
other, but one benefit of this complication is that it 
allows astronomers to pin down some of Kepler-16b's 
properties very accurately. 

The big surprise was that the planet orbits the 
binary pair at less than four times the distance that 
separates the stars themselves - astronomers had 
assumed that a multiple of at least seven times 
was needed for stability. This gives a huge boost to 
the prospects for planets in other binary systems, 
perhaps with habitable conditions on their surfaces. 
As a gas-and-ice giant, Kepler-16b might not be a 
perfect match for Tatooine, but it opens the way for 
finding planets that are. 


or . 
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_can only warm it to -85°C 
(-121°F) - a very different 
prospect from the hot 
deserts of Tatooine 
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the diameter of Jupiter and one-third 
of its mass 
© The planet lies at the outermost edge 
of its system's habitable zone 
© Astronomers speculate that Kepler-16b 
may have a habitable moon 
See ei aun 
about 2bn years old 
|| © The two stars are red and orange 
, dwarfs, both much fainter thafi the Sun 
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KEPLER-22B 


Kamino 


We'll have to wait another year before we learn more 
about the water-covered world where Rey found 
Luke Skywalker in self-imposed exile in The Force 
Awakens, but Star Wars unveiled its first water world 
in 2002, in the shape of storm-wracked Kamino. 
Here, in Attack Of The Clones, Obi-Wan Kenobi tracks 
down a sinister conspiracy to breed an army of clone 
stormtroopers, later put to devastating use. 

Could such a water-covered planet exist? Step 
forward Kepler-22b, one of the first exoplanets to 
be discovered in the habitable zone of a Sun-like 
Star - where liquid water can exist on the surface of 
an Earth-like planet without freezing solid or boiling 
away into space (water is thought to be vital for any 
form of life as we understand it to develop). 


GAS PLANETS 


Bespin 


One of the most beautiful worlds of the Star Wars 
universe, the gas planet Bespin is home to Lando 
Calrissian’s Cloud City in The Empire Strikes Back, 
and over the last 20 years, it's become clear that 
gas giants are common in our galaxy. In fact, gas 
giants account for the vast majority of exoplanets 
discovered; the big surprise, though, is the sheer 
variety of gas worlds that seem to exist. 

In our Solar System, they are confined to distant 
orbits, where huge gas clouds persisted for long 
enough to create planets after the Sun's formation. 
Many gas-giant exoplanets, however, orbit much 
closer to their stars, completing one orbit in hours, 
and these ‘hot Jupiters’ may have formed in more 
distant orbits and spiralled inwards. Astronomers 
have found many other strange gas planets, including 
‘hot Neptunes’, ‘super-Jupiters’ and ‘mini-Neptunes’, 
some of which might match the little we see of 
Bespin. They have even found traces of gas giants 
whose atmospheres have been blown away, and ones 
that have been swallowed up by their stars. 


Star Wars worlds 


‘A true ocean world’s seas would be hundreds 
of kilometres deep, with pressures high 
enough to turn water into ice at great depths 


Kepler-22b was found by NASA’s Kepler satellite 
and it has a diameter roughly twice that of Earth. 
Yet estimates of its mass suggest it is probably not as 
dense as Earth, so experts speculate it is composed 
of a small rocky core surrounded by deep oceans of 
water and other volatiles. These oceans could provide 
an ideal habitat for life to evolve - though who can 
say whether they would resemble the Kaminoans? 


FAST FACTS ABOUT KEPLER-22B 


Kepler-22b orbits its host star every 290 days 
The star Kepler-22 is 620 light years away 
This system is about the same age as our Own, 
allowing plenty of time for life to evolve 
Kepler-22 is 25 per cent fainter than the Sun. 
Its planet orbits 15 per cent closer than Earth 
An Earth-like atmosphere would give Kepler- 
22b a surface temperature of 22°C (72°F) 





Starlight shining through the atmosphere of HD 
189733b revealed traces of organic molecules - of 
interest to a gas-mining operation like Cloud City? 
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A famous planet in Star Wars, the icy outpost of 
Hoth provides a frozen shelter for the Rebels in The 





| © In our Solar System, the planet 
would orbit somewhere between 
Mars and Jupiter 

W This ancient planet's star is about 

| 9.6bn years old 

Sees cmn atelt 

OGLE-2006-BLG-390Lb might be 

more like Uranus than Earth 







































Empire Strikes Back. The outer reaches of our Solar 6 Oe) i © OGLE-2006-BLG-390Lb is one of 
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| UNibhaeviarl core May Polish project called the Optical 
re Oe Eee orbits a star 21,500 the light of its Gravitational Lensing Experiment 
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Milky Way. It was discovered in 2006 using 
gravitational microlensing - detecting a tiny 
change in the brightness of a star as light 
passing close to the planet was deflected 
and focused onto Earth-based telescopes. 
The planet circles its star once every 
rei o- Pace: ta OL18 (Ibm AO Tele COUT Un esc 
Earth's distance from the Sun, but the | 
host star is so small and faint that its 
planet endures a*deep-freeze comparable 
to that on Pluto. Temperatures average 
-220 degrees Celsius (-364 degrees 
Fahrenheit), and data suggests the planet 
has 5.5 times the mass of Earth and is 1.7 
times its diameter. Conditions here would 
be far too hostile to support any kind of 
life - even for a group of desperate rebels 
fleeing the wrath of Darth Vader! 


Mature rocky planets like Kepler- KE P L E R- 4 5 2, B 


452b might make the ideal home 


world for a star-faring civilisation oN z f C oruscan t 


Sadly, astronomers haven't yet discovered a city- 
covered planet to match the spectacular home world 
of the Galactic Empire, but that hasn't stopped NASA 
from giving the nickname of Coruscant to one of 
the most Earth-like worlds to be discovered. Kepler- 
452b lies about 1,400 light years from Earth in the 
constellation of Cygnus, and is another of the Kepler 
mission's discoveries, revealed through dips in the 
light of its star as the planet transits across its face. 
Kepler-452b is about 1.5 times the diameter of 
Earth and orbits in the habitable zone of a star that's 
very similar to our own Sun, though about a billion 
years older. Researchers can only estimate its mass, 


Ste J = =, 


SR CHE RUe lS rekon Ut 
face of its star every 385 days 


but they believe it to be a rocky planet with about 

© Kepler-452 is 20 per cent more five times Earth's overall mass. This would make it a 
luminous than our Sun ‘Super-Earth’, with a denser, hotter interior that might 

W The New Horizons space probe, power widespread volcanoes (so perhaps more like 
the fastest so far launched, Mustafar than Coruscant). 
would take about 26mn years to Kepler-452b's great distance makes it impossible 
reach Kepler-452b | to confirm its mass or detect an atmosphere with 


© SETI researchers targeted 


Ee eee current technology, but if it has intelligent life, we 


he: might one day hope to detect signs of pollution in its 
for radio signals from alien . 
apd Pee atmosphere, or other traces of technological activity. 
© Kepler-452b’s surface gravity is Such a civilisation would be living on borrowed time, 
about twice that of Earth however - as Kepler-452 approaches old age, it is 
steadily brightening and could soon render its only 
known planet uninhabitable. 


© Photoshot; Alamy; Shutterstock; TopFoto; 20th Century Fox; LucasFilm Ltd; Walt Disney Pictures; NASA; Ames; JPL-Caltech; Space 
Science Institute; ESA; G. Bacon (STScI); ESO; L. Calcada; D. Aguilar; Harvard-Smithsonian Center for Astrophysics; Mark Garlick; T. Pyle 
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Upgrade Your Eyepieces! 
Vixen NPL Pléssls from £49 — 


, Available in focal lengths from.4mm to 40mm; 
_ these are the perfect step up from stock 








eyepieces supplied with your scope. 


Available to buy online from: 
www.firstlightoptics.com 
-www.tringastronomycentre.co.uk 


Distributed in the UK by Opticron, Unit 21, Titan Court, Laporte Way, Luton, LU4 8EF 
01582 726522 www.vixenoptics.co.uk 
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ar LIVE & IN PERSON 
SIGN The first Canadian Commander of the International 


Space Station. Exclusive video footage and 
photography as Chris Hadfield opens your eyes to 
the world around us. 
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sae Cottis-Allan 


National Space Academy 
Education Officer 
Sophie studied 
Pen P 


astrophysics at 


university. She has 
a special interest in | | : , 
astrobiology and ; 
planetary science. | | << ; / f | P 
Intense radiation ~ / Hitting other objects 


Researchers at the University i | F jy The physics of warp bubbles isn’t well 
Education Team Sydney, Australia, have calculated that™\ \ | | | enough understood yet to know what 
Presenter * particles and radiation could be caught would happen. if your course took you 


Having earned é up in the bow wave of a warp bubble Sy \ \ ia Hay co) etsg the path ofa planet or Star. 









master'sin physics as it travels. When the ship decelerates “Would it be brushed aside? Would you 
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See ene PIM ieRs LeU ees eeTate CM nVel |e! ~ F a pass harmlessly though it? Or would 
a _ . be instantly vaporised? If you fly 


continues to pursue his 
re restinepereenane be released inva. burst that would 

inside the event horizon of a black 
hole, could you escape? 








National Space Centre. . destroy anything in the ship's path, 
obliterating the place you're visiting. 
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in physics with space Even if the negative energy doesn't What are the properties of negative 
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the ship escapes inside its own warp 
bubble, the consequences for those 
Tamela Maciel left behind would be disastrous. Violating causality 
Space Communications Travelling faster than the speed of 
Manager , light can, in certain circumstances, 


the numbers involved are likely to be 
, so big that it could destroy the Solar 
System, never mind the spaceship. 
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science communication. killing the inventor of the warp drive, 


or your own grandparents. 
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How do 
Satellites 
fall out of 
their orbits? 


Charlie Peterson - 





Cee) AV 
It might have broken apart, 
but sometimes the pieces of a 
satellite are just too big to burn 
up in the atmosphere. This 
means that it poses a threat to 
us - especially if we're not sure 
where it's going to land. 
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When all of the 
planets are in the sky, 
how do I tell which 
planet is which? 


Jack Wilson 

The naked-eye planets are Mercury, 
Venus, Mars, Jupiter and Saturn, and 
in February 2016, all five were visible 
at the same time. The best way to 
identify the planets is with a star chart 
or a stargazing app, but there are a few 
rules of thumb. Mercury and Venus 
orbit closer to the Sun than Earth, so 
look for them close to the horizon 

just after sunset or just before sunrise, 
where Venus will be much brighter 
than Mercury. Mars, Jupiter and Saturn 
can be seen much further away from 
the Sun, higher in the sky. Mars has a 
distinct reddish tint, while Jupiter and 
Saturn can be hard to tell apart. Look 
for Jupiter's telltale moons and Saturn's 
stunning rings. TM 
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1. Decaying orbit 


Whether a satellite has fuel or not, it 

is subjected to orbital decay, where 
over time, it decreases in altitude 

- either through atmospheric drag, 
tidal effects or gravitational radiation - 
which brings it closer to Earth. 


2. Falling apart 


If the satellite hasn't been pulled into a 
higher orbit, or if it runs out of fuel, its 
controllers may decide to allow it to smash 
through the Earth's atmosphere. It will get 
so hot that it burns up and breaks apart, 
disintegrating into nothing - or harmless 
debris - before reaching the surface. 


ee lnnley-(a 

What remains of the satellite forcibly 
smashes into the Earth. Since our 
planet is mostly water, we hope 
that it hits the oceans. However, 
there have been cases - like with the 
re-entry of Skylab in 1979 - where 
debris has rained over land. 


A near-Earth supemova would likely 
WW CcatTg Asem ET eSe reduce Earth’s ozone layer dramatically 


Jupiter and Saturn can be 


seen in the night sky if you Can all exploding 


Ae §=§6Star’s light lall us? 


John O'Reilly 

Supernovae emit enormous 
quantities of light across the whole 
electromagnetic spectrum, which 
could spell disaster for the Earth if we 
were caught in the firing line. For the 
energy output to be strong enough to 
damage the Earth, we would need to 
be close. Estimates put the dangerous 
distance as within about 1,000 light 
years. This is relatively close when 
considered in the scale of the universe 
but there is still a small concern that 
we could one day be affected. 

Should a near-Earth supernova 
occur, it is likely that we wouldn't die 
directly from the radiation. Instead, 
it is thought that the radiation would 
react with our ozone layer, causing 
massive depletion, exposing us to 
harmful cosmic radiation and severely 
damaging our biosphere. JB 
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Why doesn't the hydrogen on J Bog tee 


For the hydrogen on Jupiter to 
explode, we. would need to complete 
the trio of required elements for 
combustion: oxygen and an ignition 
source. Compared to the amount of 
hydrogen present at Jupiter, it has a 
much smaller quantity of oxygen. 
This makes.some sort of planet-wide 
reaction almost impossible. 

Jupiter's composition of high 
hydrogen and helium content | 
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Hubble will function until 2021, but 
after that its future is not yet clear 


What will happen 
to Hubble when it’s 
decommissioned? 


James Hatrison 
NASA has agreed to support the 
Hubble Space Telescope until 2021 but 
following that, decisions will need to 
be made about its decommissioning. 
There seem to be two main options: 
return the satellite to Earth, burning it 
up on re-entry, or boost it to a much 
higher orbit to avoid orbital decay. 
Re-entry is the most likely option, 
which will see most of the orbiting 
telescope destroyed. This will help 
keep space clean and clear of defunct 
equipment, which could otherwise 
cause problems in the future. 
However, Hubble has a long- 
standing and important legacy; its 
work has generated a huge public 
interest in space and its mission. This 
could impact on the decision, with 
NASA favouring the preservation 
option for this iconic spacecraft. JB 


contributed to the myth that it was 
a failed star; its composition is fairly 
similar to our Sun. People often 
mentioned that if Jupiter was slightly 
bigger it could begin fusion and 
transform our Solar System into a 
binary system..But the smallest star 
we've found is still 80 times more 
massive than Jupitef, so it seems our 
gas giant is further from stellar glory 
than some would make out. SCA 
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Could a planetary 
system survive its 
star merging? 

Samuel Coulson 

It depends what you mean by ‘survive’. 
As two stars merge, they produce huge 
amounts of powerful radiation and 
strong stellar winds made of plasma. 
This intense blasting would probably 
fry any atmosphere or lifeforms on 
any nearby planets. But it's possible for 
the planet itself to continue orbiting its 
Star, even after that star merges with 
another star, providing that the planet 
is far enough away. 

We've discovered some exoplanets 
that orbit not one but two stars ina 
tight orbit around each other. One 
such example is Kepler-1647b, a gas 
giant larger than Jupiter that orbits two 
central stars every 1,100 days. These 
so-called circumbinary planets orbit 
around the centre of the total mass 
of the two stars, and if the two stars 
merged into one, the planet's orbit 
would be largely unaffected. TM 
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Planetary systems are unaffected when 
their stars merge - the opposite to what 
happens when a star evolves (pictured) 
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What's causing 
the volcanoes on 
Io to be active? 


David Trumann 
The volcanism on Jupiter's moon Io 
is caused by something called tidal 
heating. Io's orbit of Jupiter is eccentric, 
meaning that there is a difference 
between Jupiter's gravitational pull 
at the closest and furthest points for 
the orbit. This causes the moon to be 
slightly distorted; in other words, it 
gains a tidal bulge. 

As the moon is pulled around and 
squashed, friction in the interior of 
the planet causes it to warm. This 
heating is strong enough to power the 
150 active volcanoes on Io's surface, 
with plumes of sulphur spewing 300 
kilometres (190 miles) into the air. This 
makes Io the most volcanically active 
body in our Solar System. JB 
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Io's rock surface is 
stretched up and 
Cole meyer cpenltcell 
as 100m (328ft) as it 
OME ICs 


Is it possible for the ISS to be affected 
when we pass through a comet's tail? 


Weitere eet 

When the Earth passes through 

a comet's tail a meteor shower is 
triggered, affecting both the Earth and 
things in orbit like the International 
Space Station (ISS). As a comet moves 
through space it leaves behind a trail 
of dust and rock material. 
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As the Earth moves through this 
trail, the small particles collide with 
the atmosphere at tremendous speeds 
and burn up in a blaze of light, which 
is known as a shooting star. As the ISS 
is orbiting close to the Earth, during 
these meteor showers the small lumps 
of material also affect it. 





For the most part, the International 
Space Station cannot avoid these 
collisions so during construction, 
shielding was included on the body 
of the ISS. This shielding ensures that 
impacts do not affect the internal 
systems of the space station and that 
the crew are kept safe. JB 


Clocks move the same way as a sundial 
shadow in the Northern Hemisphere 


Why do the Earth and 
Moon turn counter- 
clockwise, while our 
clocks turn clockwise? 


Giles Burton 

Clocks turn clockwise to mimic 
sundials and the movement of 

their shadows. From our Northern 
Hemisphere perspective, the Earth 
rotates counter-clockwise making the 
Sun appear to move in a clockwise 
direction. This means that on a 
sundial the shadows would also 
move clockwise. When the first 
clocks were developed, they were 
presumably designed to move the 
Same way as a Sundial shadow to 
make it easier for people to interpret. 
This familiarity would have made 
the introduction of the mechanical 
clock easier. Interestingly, this arose 
due to a Northern Hemisphere 
perspective, but if the invention of the 
clock had happened in the Southern 
Hemisphere, our wristwatches may 
well rotate in a different direction. JB 


The ISS was constructed 
with shielding to protect 
it from debris and comets’ 
trails of dust and rock 
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We tend to think of our star 
as the stationary centre of 
our system, but the planets 
do make it wobble 
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Exoplanet hunting has been dominated 
recently by NASA's Kepler mission, 
which stares out at the stars looking for 
drops in brightness as the members of 
other planetary systems pass between 
fo) Nace) Aas H 816 MGs coNmmOycHRcIBI MCUs I RcMeS]ULMNOALS 
first exoplanets were discovered by the 
‘wobble’ method, which looks for changes ° 
in starlight as the star is-slowly dragged 
around by its accompanying planets. The 
difference is small, as stars are generally 
much larger than their collection of planets, 
and for multi-planet systems the motion is a 
combination of the influence of all partners. 
All bodies involved in an orbital 
relationship will be influenced by each 
other to some degree; it is easiest to 
“envisage the most extreme case, two 
equally sized ‘objects orbiting each other. 
If the Earth and Moon were the same 
size they would orbit each other around a 
point halfway between them; this is called 


the ‘barycentte’, the centre of mass ofthe. 


whole system. As one body gets larger the 
barycentre moves closer to it, with the 
smaller body following a larger circle and 
the heavier body a smaller one. In reality, 
the Earth is four times the size of the Moon 
so the barycentre is 4,670 kilometres (2,902 
miles).from the Earth's centre, or 1,710 
kilometres (1,063 miles) underground, while 
in the case of Pluto and Charon, they are so 
closely matched that their barycentre is 960 
kilometres (597 miles) above Pluto's surface. 
So two bodies follow simple circular 
paths around the barycentre, but the Solar 
System has at least nine major bodies 
(depending upon definitions), and all 
those influences add up. By far the biggest 
solar wobble is created by Jupiter; it is 2.5 
times the mass of all the other planets 
combined and endeavours to pull the 
Sun around in one large wobble, centred 
46,000 kilometres (28,583 miles) above 
the nominal solar surface every 11 years. 
But then Saturn has a mass 30 per cent 
that of Jupiter and an orbit of 29.5 years, 
So its wobble is superimposed on Jupiter’s, 
leading to a loop-in-a-circle shaped path 
that progressively changes as the planets — 
move position. Uranus and Neptune are _ 
also big enough to introduce wobbles that 
are significant on the scale of the Sun's 
radius; and then all the terrestrial and dwarf 
planets and their moons add their own 
small wobbles on top. 
Ultimately, the Sun dances around a 
combined:path of loops as the planets 
shift, such that the barycentre of the whole’ 
Solar System is sometimes within the solar 
sphere and sometimes outside. If there 
should be an alien civilisation out in one 
of the many systems we now know about, 
they would be able to tell from analysing, 
the motion of our Sun - as perhaps we have 
PIE Veh melOeCcMUTtemaeSsSeen dst tmosst cee 
eight or more planets in its possession. RH 
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GUIDES AND ADVICE TO GET STARTED IN AMATEUR ASTRONOMY 
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A conjunction is an alignment of objects at the same 
celestial longitude. The conjunction of the Moon and 
the planets is determined with reference to the Sun. A 
planet is in conjunction with the Sun when it and Earth 
are aligned on opposite sides of the Sun. 


Right Ascension is to the sky what longitude is to 

the surface of the Earth, corresponding to east and 
west directions. It is measured in hours, minutes and 
seconds since, as the Earth rotates on its axis, we see 
different parts of the sky throughout the night. 


DEC 


Conjunction 
between the 
Moon and 
Uranus in Pisces 


DEC 


Conjunction 
between the 
Moon and 
Jupiter in Virgo 


JAN 


Conjunction 
between the Moon 
and Neptune in 
Aquarius 


This tells you how high an object will rise in the sky. 
Like Earth's latitude, Dec measures north and south. 
It's measured in degrees, arcminutes and arcseconds. 
There are 60 arcseconds in an arcminute and there are 
60 arcminutes in a degree. 


An object's magnitude tells you how bright it appears 
from Earth. In astronomy, magnitudes are represented 
on a numbered scale. The lower the number, the 
brighter the object will be. So, a magnitude of -1 is 
brighter than an object with a magnitude of +2. 
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Mercury 

at greatest 
elongation east in 
the evening sky 
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per hour 


DEC 


The Ursids 
reach their peak 
of ten meteors 
per hour 
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JAN 


Conjunction 







in Aquarius 


When a celestial body is in line with the Earth and Sun. 
During opposition, an object is visible for the whole 
night, rising at sunset and setting at sunrise. At this 
point in its orbit, the celestial object is closest to Earth, 
making it appear bigger and brighter. 


When the inner planets, Mercury and Venus, are at 
their maximum distance from the Sun. During greatest 
elongation, the inner planets can be observed as 
evening stars at greatest eastern elongations and as 
morning stars during western elongations. 


The Geminids 
reach their peak 
of 100 meteors 


between the 
Moon and Mars 
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Comet 45P/Honda- 
Mrkos-Pajdusakova 
reaches magnitude 
+6.5 in Capricornus 
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reach their peak 
of 80 meteors 
per hour 
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Conjunctions, meteor showers 
and the shortest day of the year 
are the highlights this month 
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Turn your telescope to our top 
selection of nebulae and star 
clusters in Orion 
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) Binoculars 
Small telescope 
Medium telescope 


Large telescope 
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As 2017 begins, there are bright 
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Freeze the stars with a touch of 
astrophotography knowhow 
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We test the Meade ETX90 
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Illumination Full Moon 
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Moonset time First quarter 
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MORNING SKY 


All rise and set times are given in GMT 


15 DEC 22 DEC 29 DEC 4 JAN Date RA Dec Constellation Mag Rise Set 
8 Dec 18h 28m 28s -25° 3127" Sagittarius 2.2 09:40 ~=—-:'16:55 
15 Dec 18h 58m 24s -24°12' 05" Sagittarius -2.4 09:33 17:07 
22 Dec 19h Olm 52s -22° 20' 49" Sagittarius -1.9 08:56 16:56 
29 Dec 18h 29m 39s -20° 46' 08" Sagittarius A 07:46 16:07 
4 Jan 18h OOm 41s -20° 12’ 30" Sagittarius -1.7 06:50 ~——‘ 15:18 
8 Dec 20h 11m 48s -22° 25' 19" Capricornus -4.7 11:01 15:01 
15 Dec 20h 45m 15s -20° 21° 02" Capricornus -4.8 10:53 19:20 
22 Dec 21h 12m 42s -17° 52° 22" Capricornus -4.9 10:42 19:39 
29Dec 21h47m25s -15° 03'51" Capricornus -5.0 10:29 19:58 
4 Jan 22h 12m Ols -12° 27°11" Aquarius -5.0 10:15 20:14 
8 Dec 21h 35m 59s -15° 40' O1" Capricornus 0.2 11:43 21:06 
15 Dec 21h 56m 24s -13° 47°59" Capricornus 0.3 11:25 21:09 
22 Dec 22h 16m 31s -11° 50°09" Aquarius 0.4 11:07 21:13 
29Dec 22h36m23s -09° 47' 33" Aquarius 0.4 10:49 21:16 
4 Jan 22h 53m 15s -07° 59' 29" Aquarius 0.5 10:32 21:19 
8 Dec 13h O7m 15s -05°50'45" Virgo -1.8 02:23 13:31 
15 Dec 13h 11m 11s -06° 13’ 32" Virgo -1.9 02:01 13:06 
22 Dec 13h 14m 17s -06° 33' 54" Virgo -1.9 01:39 12:40 
29 Dec 13h 17m 58s -06° 51°39" Virgo -1.9 01:16 12:14 
4 Jan 13h 20m 22s -07° 04' 38" Virgo -2.0 00:56 ‘11:52 
8 Dec 17h 09m 46s -21° 37°52" Ophiuchus 1.3 07:54 16:04 
15 Dec 17h 13m 18s -21° 42' 24" Ophiuchus 1.3 07:31 15:39 
22 Dec 17h 16m 50s -21° 46' 31" Ophiuchus 1.3 07:07 15:15 
29Dec 17h20m20s -21° 50’ 43" Ophiuchus 1.3 06:44 =: 14:51 
4 Jan 17h 23m 16s -21° 53' 03" Ophiuchus 1.3 06:23 14:30 
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This month's planets 


As 2016 ends and 2017 begins, observe bright worlds 
in the sky both after sunset and before sunrise 
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Right Ascension: 20h 45m 15s 
Declination: -20° 21' 02" 
Constellation: Capricornus 
Magnitude: -4.8 

Direction: Southwest 
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As the holidays approach, and 

panicking shoppers buy last minute 

presents, their eyes will be drawn to 

a hypnotising and beautiful spark 

of silvery-blue light blazing high in 

the southwest at twilight. Some will 

mistake it for an airplane; others will 

be sure it is the space station, until they 

realise it's not moving but hanging 

there in the sky, like a lantern. In 

fact, they'll be seeing Earth's nearest 

planetary neighbour, Venus, shining 

almost as brightly as it can get, putting 

everything else in the sky to shame, 

except the Moon, with its brilliance. 
Venus is often referred to as ‘Earth's 

evil twin’, but they're only similar in 
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‘\Microscopium 
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17:00 GMT on 15 December 


size. While Earth is a lush, living world, 
Venus is a hellish planet. Although it 
has mountains, valleys and plains like 
Earth, Venus’ surface is devoid of water 
and life, hidden from our view beneath 
a thick atmosphere of poisonous carbon 
dioxide gas. If you were to stand on the 
surface of Venus you'd find a yellow- 
brown landscape beneath a clotted 
orange sky, with cloud cover so thick 
you would have no hope of ever seeing 
the Sun. Those clouds are so thick they 
not only trap the Sun's heat, raising 

the surface temperature to a blistering 
4OO degrees Celsius (752 degrees 
Fahrenheit), they create an atmospheric 
pressure at the surface 90-times 


higher than on Earth. Standing on 
Venus would be like standing on the 
ocean floor on Earth at a depth of one 
kilometre (0.62 miles). 

Venus orbits the Sun much closer 
than Earth does, so its year is only 225 
Earth days long; yet the planet spins so 
painfully slowly on its axis, a Venusian 
day is 243 of our days long, meaning a 
Venusian day is, bizarrely, longer than 
one of its years. Venus is going to be 
an evening star from 24 December 
and into the New Year, and it would 
be a stunning sight just on its own 
as it blazes away above the trees and 
rooftops like a phosphorous flare. But it 
will have company during the coming 


eyiante : 
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month. After 25 December it will start 
to approach Mars (and nearby Neptune, 
although that will only be visible with 
a telescope) in the sky, a little higher in 
the southwestern sky each evening. 
After sunset on New Year's Day, 
a lovely slim crescent Moon will 
glow to the lower right of Venus, and 
by the following evening it will lie 
directly between Venus and Mars - a 
beautiful sight guaranteed to have 
astrophotographers clicking away like 
crazy after twilight has deepened to full 
darkness. On 3 January 2017 the Moon 
will have passed Mars, but the line-up 
of the Moon and planets will still be a 
stunning sight. 
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Right Ascension: 17h 22m 17s 
Declination: -21° 52' 09" 
Constellation: Ophiuchus 
Magnitude: +1.3 

Direction: Southeast 


Shining at the ‘knee’ of Ophiuchus, 
| Saturn will be too close to the Sun to 
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Piscis 


_Austrinus 


Right Ascension: 18h 43m 22s 
Declination: -25° 04' 03" 
Constellation: Sagittarius 
Magnitude: -2.3 

Direction: Southwest 


At the start of December, Mercury will 


www.spaceanswers.com 


Tice hee 


be visible through the holidays, but 
after the New Year it will reappear as a 
golden star low in the southeast before 
dawn. However, the sky will be so 
bright when it rises that you may need 
binoculars to pick it out, even though 
it will be shining at magnitude 0.5. 


Delphinus . 
1S ea 


Aqui . 
fa mA 


be to the lower right of Venus, low in 
the southwest after sunset. Around 
20 December it will pass behind the 
Sun. When it emerges in the morning 
sky in the New Year, Mercury will be 
shining to the lower left of Saturn. 


This month's planets N 
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Right Ascension: 22h 39m 12s 
Declination: -09° 29' 43" 
Constellation: Aquarius 
Magnitude: +0.5 

Direction: Southwest 


Mars is visible throughout December 
and January, shining as an orange 


Triangulum 


Perseus 





Right Ascension: O1h 16m 43s 
Declination: +07° 26' 23” 
Constellation: Pisces 
Magnitude: +5.8 

Direction: Southeast 


In early December, Uranus can be 
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Right Ascension: 13h 12m 15s 
Declination: -O06° 19’ 36" 
Constellation: Virgo 
Magnitude: -1.8 

Direction: Southeast 


After dominating the evening sky early last year, 
Jupiter is now a spectacular sight in the morning 
during the holidays. Shining at magnitude -1.8 and 
rising hours before the Sun, Jupiter commands you to 
look at it, shining like a silvery-blue electric spark in 
the pre-dawn sky. Jupiter can be found close to and 
moving towards the brightest star in Virgo, Spica. As 
2016 drifts into 2017, the distance between the two 
will shrink, until by mid-January the pair looks like 

a Striking ‘double star’ in the sky. Look out for the 
waning Moon close by on the mornings of 22 and 23 
December, and remember to look for Jupiter's four 
bright Galilean moons through a telescope or pair of 
binoculars if the chance arises. 


Cygnus 
Vulpecula ° 
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Star to the upper left of Venus. At 
magnitude 0.8, it is hardly striking but 
it's worth tracking it down. Late on 
New Year's Eve, Mars will be so close 
to Neptune - just 26 degrees away - 
that both planets will fit in the same 
low-power eyepiece of your telescope. 


Soe tatty 


vse |r let 


seen from sunset through until 3am. 
But by early January the distant green 
world sets before lam. On 5 January a 
beautiful first quarter Moon will hang 
directly beneath Uranus, which will 
make it much easier to find in the sky. 
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Take a flight over one of the Moon's 
most spectacular mountain ranges... 





If you've ever seen the famous ‘man in 
The Moon’ when looking up at a bright, 
silvery full Moon on a frosty winter's 
night, you'll be able to find this month's 
lunar feature without any difficulty. 
The two dark eyes - the ancient frozen 
lava seas of Mare Imbrium and Mare 
Serenitatis - are very distinctive, with 
a bright nose curving down between 
them. This nose is actually one of the 
most impressive mountain ranges on 
the Moon: the Apennine Mountains. 

Named after the Apennine Mountains 
in Italy, this mountain range is so close 
to the centre of the side of the Moon 
facing Earth that it is best seen when the 
Moon is at or close to first or last quarter, 
when it lies close to the terminator. 
With sunlight hitting it at an angle, the 
mountains are stunning through even a 
small telescope - a curved, jagged line of 
hills and peaks looks like the fossilised 
spine of a dinosaur sticking out of the 
crust. In comparison, at full Moon it is 
reduced to little more than a bright grey- 
white line. 

The Apennines are magnificent. 
Stretching from the crater Eratosthenes 
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in the south, up to the craters 
Archimedes, Aristillus and its near 
neighbour Autolycus further north, the 
mountain range is a curving chain of 
jagged rock that stretches for more than 
600 kilometres (373 miles) across the 
Moon, further than the distance from 
London to Dundee in Scotland. The 
tallest Apennine peak, Mons Huygens, is 
also the tallest mountain on the Moon. 
With a 5.5-kilometre (3.4-mile) high 
summit, Mons Huygens is higher than 
Mont Blanc in the Alps. 

Geologists believe that the Apennines 
were created 3.9 billion years ago during 
the colossal asteroid impact that formed 
Mare Imbrium, the dark lava sea that 
lies to their west. When looking at the 
Appennines through a telescope, it is 
thrilling to imagine their formation 
all that time ago; watching the huge 
chunk of space rock slamming into the 
Moon, blasting out the dark Imbrium 
basin, flooding it with glowing lava and 
pushing up the crust into the mountains 
we see today. 

Through a telescope eyepiece at 
medium-to-high magnification, the 








mountain range is broken up into many 
hills, hummocks and peaks. There are 
several gaps along the chain, perhaps 
the most prominent being a steep- 
Walled valley to the north of Mons Wolf. 
At the northern end of the range, in 
the shadow of towering Mons Hadley, 
a narrow canyon, or rille, snakes its 
Way across the lunar surface. Through 
a telescope at high magnification it 
looks like a black hair lying on the grey 
ground. This is the famous Hadley Rille, 
the landing site of the Apollo 15 mission. 
In July 1971, astronauts Dave Scott 
and James Irwin explored this area for 
almost three days. During their long stay 
they used the famous lunar rover for 
the first time, driving 28 kilometres (17 
miles) across the Moon, carrying out a 
detailed geological survey and gathering 
precious rock samples. It was here that 
Dave Scott found the most famous 
and most scientifically important rock 
collected during the whole Apollo 
programme: the 'Genesis Rock’ - a lump 
of crystalline rock more than 4.5 billion 
years old, formed only 100 million years 
or so after the birth of the Solar System. 


il Th, 
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Start looking for 
the Apennines after ” 
sunset on 6 December. 
How soon will you 
see their tallest peaks 
catching the trays of 
the rising Sun? 


The Apennine Mountains are best 
seen this month between 7 and 10 or 18 
and 21 December, when they lie on or 
near the terminator. If you are blessed 
with a clear, still night, use the highest 
magnification eyepiece you have to view 
them and it will feel like you're flying 
over them, gazing down on their time- 
worn peaks and cratered, crumbling 
slopes. By 22 December the Apennines 
Start to vanish from our view as the Sun 
sets on them and they are once more 
enveloped in darkness, not to reappear 
until 5 January. 
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Taurus 









eaten 
Shining at magnitude re 42, this red 
giant star - also designated Alpha LO} fe) a] om 
eer Mente -brightest star in the night ~ 
sky and is easily visible to the naked 
eye. It's thought that the star is due to 
explode in an See Ly short. a Tnatee 











Orion 


Orion's Nebula 

Aiat-mO) (osm (280) NCR SIN 

visible to the naked eye 
‘in favourable observing 

conditions, thanks to its 


Orion's Belt ) © 
A faint chain of stars - * € 

from left to right, Alnitak, 

Alnilam and Mintaka - 

cuts through the centre of 

the constellation, making 

it instantly recognisable. 


magnitude of +4. Sweep 
10x50 binoculars across 
the star-forming region 
and the star cluster and 
the Trapezium group will 


be visible. & 





peter ynlers 





, e Neier py af 4nl miele 

Ee i, £ | constellation is Rigel, a huge blue 
; y super-giant star. It is 40,000-times 
a: ar ; brighter than the Sun and is visible 


.to the unaided.eye, even under skies 
| ai te light el 
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How to... 







Use a 
Sed brcle\ can 


Taking pictures of the night sky has never 
been so popular, but how can you get lots of 
Stars in your pictures without them blurring? | . = 





You'll need: 
VY DSLR camera 

V Wide-angle lens 

Y Sturdy tripod 


¥ SkyTracker (e.g. 
Vixen Polarie) 


As astroimaging in all its forms is 
becoming increasingly popular, 
manufacturers are rising to the 
challenge of making this particular 
field of amateur astronomy more 
accessible. If you have ever attempted 
to take images of the night sky with 
just a DSLR camera and a tripod, 
you'll already be aware of the issue 

of star trailing in your shots. This is 
due to the rotation of the Earth and in 
order to counteract this, your camera 
needs to be able to keep pace with 
this rotation. Not only this, you also 
need to have one axis of the mount 
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tilted to be parallel to the Earth's axis. 
This is known as polar alignment and 
how accurately you need to set this 
up depends on the type of imaging 
you are doing. If you're using fairly 
high magnification, then accuracy is 
important, but if you're taking wide- 
field shots, then you can afford to bea 
little less pedantic. 

There are several camera trackers 
now available that can help you set up 
polar alignment and keep your camera 
moving at the right rate, allowing you 
to take long-exposure images and 
therefore get more stars in your shots. 
The Vixen Polarie is one such device, 
which achieves this with ease. It looks 
a little bit like a digital camera, but in 
fact you attach your camera to it. 

First though, you need to attach it to 
a sturdy tripod and aim it at the Pole 
Star, Polaris, if you are in the Northern 
Hemisphere, using the small ‘window' 
setting in one corner of the Polarie. 
You can do it more accurately using a 


supplied polar alignment scope if you 


are using lenses other than wide-angle. 


The Polarie has four tracking 
rates; the first of these is 1/2 sidereal 
rate. This is a clever compromise for 
wide-angle scenic shots, as it allows 
the user to take moderately long 
exposures with minimal blurring of 
the foreground, and also minimises 
unwanted star trails. If little or no 
star trailing is important to the 
shot however, you can switch the 
Polarie tracking to full sidereal rate, 
which is ideal for taking images of 
constellations or regions of sky where 
there are no foreground objects, or 
where blurring of these objects is 
less important than the quality and 
number of stars in the pictures. 

The unit also has a Lunar and Solar 
tracking rate option, so you could, for 
example, get some pleasing shots of 
the Moon using a telephoto lens or 
likewise the Sun, providing you use 
the appropriate filters. 


Pee meee 


Polar alignment 

If you're using a wide-angle lens on 
your camera, then polar align using the 
‘window’ in the Polarie. 


Use a wide-angle lens 

The choice of lens depends on the type 

of shot you want. A 14-18mm lens would 
be suitable for images of the Milky Way. 


Get a sturdy tripod 

Make sure you use a really sturdy tripod 
as it has to cope with the weight of the 
camera and the tracker! 


Adjust your tracking rate 

You can choose one of four tracking 
rates, depending on the subject and the 
type of lens you are using. 


Take longer exposures 
Because the SkyTracker is following 
the stars, you can take much longer 
exposures than without it, but don't 
overdo it! Experimenting is key here. 
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Improving your pictures 


Here's how to get some great, detailed images with a SkyTracker... 






Good polar alignment is important, but how the Polarie's 1/2 sidereal rate, which will minimise 

accurately you set it up depends on the type of shot the blurring of the foreground while allowing a 

you want and the focal length of your lens. Don't moderately long exposure, without blurring the stars. 

use excessive exposure times; a few minutes is Set the ISO rate of the camera to around 800-1600 Send YOUL photos to 

usually okay, but take a few ‘test’ shots to check. If but again, experiment with this. You can also use a photos@spaceanswers.com 
you are using foreground objects such as trees, use remote shutter release to minimise vibrations. 
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Fold out your tripod and make sure that it is level and very sturdy. Then set up Attach your DSLR camera to the SkyTracker without disturbing the polar 
the SkyTracker and carry out your polar alignment. alignment. You're now ready to start tracking. 


| Set up your equipment 2 Fit your camera 





Set the tracking rate Take some test shots 
Switch on the SkyTracker and set the tracking rate for your shot. A 1/2 sidereal Check the tracking, the field of view and the exposure time by taking test 


rate is best if you're using foreground objects such as trees in your images. shots. Adjust your tracking and exposure times where necessary. 





—_= 





Start shooting Be experimental! 
Once you're happy with the test shots, start taking lots of pictures. This helps Don't always play it safe. See how long an exposure you can get away with 
to alleviate the problem of a bad image due to wind shake or other factors. and vary the subject matter too. The fun is in the trial and error. 
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Deep sky challenge | 
The Hunters nebulae 
and star clusters 


There are dozens of deep-sky objects in the constellation 
of Orion. Some are bright but others are less obvious... 


When thinking about the deep-sky objects in the Horsehead Nebula and another ‘hidden’ gem, known 
constellation of Orion, the first one that springs to as Messier 78, in the constellation of Orion. In fact, 
mind is - without a doubt - the Great Orion Nebula the borders of the star pattern are littered with star 
(M42). However, there are many other lesser known clusters and nebulae of various types and the ones 
objects and while some are quite hard to see, they mentioned here are but a few. Some of them are easy 
can be really rewarding given a little effort. to see in a relatively small telescope, but others will 

Some are separate objects within or next to more require a larger aperture and possibly a specialist 
complex regions of gas and dust. For example, filter to see them well. Whatever you choose to look 
there is the better known, but often hard to find, at, you'll find a wealth of detail to explore. 
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Flame Nebula (NGC 2024) 


Horsehead Nebula (Barnard 33) 
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Deep sky challenge 


“Ol 


| } ee The ‘37° Cluster (NGC 2169) 
: , ; , | This star cluster is named after its striking 
tin resemblance to the number ‘37’. You can find 
it just above the Hunter's shoulder, marked by 
the bright orange star, Betelgeuse. At moderate 
a hee & | magnification you'll be able to recognise 15-20 stars of 


Betelgeuse | 7 = : magnitude +7 or fainter. 


TY | | } | ? Open star cluster NGC 1662 


Near the Hunter's ‘bow’, this is a small, 

attractive star cluster that is often overlooked. 
Keen eyes and a sweep of the sky with binoculars 
with a magnification of at least 10x50, will reveal its 
blue-white and red-orange member stars. 


Easy to find in a small telescope, M78 looks like 

a diffuse, hazy patch of light that belongs to the 
Orion Molecular Cloud Complex. Two stars - known 
as HD 38563A and HD 38563B - are responsible for 
making the cloud of dust. 


3 Reflection nebula M78 


This well-known object is hard to see, 

requiring a medium-to-large aperture 
telescope and a H-beta filter. With some imaging 
and processing work, you'll be able to make out 
the stunning pinkish glow that originates from the 
nebula's hydrogen gas. 


; Horsehead Nebula (Barnard 33) 


Almost right next door to the Horsehead Nebula 

is the Flame Nebula. The brightest star of 
Orion's Belt, known as Alnitak, shines ultraviolet light 
into the Flame Nebula to give it its stunning glow. Use 
filters to play up the object’s true splendour. 


5 Flame Nebula (NGC 2024) 


Also known as M43, this nebula sits on top 

of the much larger M42. A medium-power 
eyepiece shows it well, thanks to its magnitude of 
+9 and teardrop shape. While the object appears 
separated by a dark dust lane in the foreground, the 
nebula is bursting with star formation. 


65 De Mairan’s Nebula (M43) 





The"37’ Cluster (NGC 2169) Reflection nebulaM78_. 


© Ken Crawford; ESO 
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How to... 


Capture 
the phases 


of Venus 


sUaeO Elam Ne cRe sk ocw 
like our Moon. Here's hov 
record them photographi 


You'll need: 

VY DSLR camera 

V Telescope/camera adaptor 
V Small telescope 

¥Y Tracking mount 





Beautiful Venus is regularly observed 
in the morning or evening sky as a 
bright ‘star’. Through binoculars or a 
telescope, or even sometimes with 
the naked eye if you have exceptional 
eyesight, you can see that it shows 

as a phase, much like our own Moon. 
However, unlike the Moon, you never 
get to see it as a full phase, as when 

it is fully illuminated, it is the other 
side of the Sun and therefore invisible 
to us. Likewise, we can't see it in the 
new’ position, as it's between Earth 
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and the Sun. However, it is possible 
to spot it as a very thin crescent, but 
due to it being very close to the Sun, 
extreme care must be taken. 

It is possible to record on camera 
the changing phases of the planet. In 
fact, due to Venus being covered in 
thick clouds, it is very hard to make 
out anything other than the phases. It 
is this cloud though, which is highly 
reflective, that makes it fairly easy 
to spot the planet. As Venus is in an 
‘inferior’ orbit between us and the Sun, 
it can appear either in the morning 
or evening sky, depending on where 
it happens to be in its orbit. It never 
wanders too far away from the Sun. 

At maximum elongation - that is, 
the point furthest away from the Sun 
from our point of view - it will either 
rise or set not much more than four 
hours before or after the Sun. You can 
use software such as Stellarium, which 


is free to download, to see the position 
and phase of Venus in order to help 
you decide when is the best time to 
capture the phase you want. 

A small telescope on a tracking 
mount is all you'll need to be able to 
image the planet. The tracking mount 
is useful to keep Venus in the middle 
of the field of view while you set up 
and take the shot. Because it varies 
in size and brightness considerably 
during its orbit, you'll need to vary 
exposure times accordingly. However, 
the greatest of care must be exercised 
when Venus appears close to the Sun 
- do not be tempted to find it visually. 
Use either well set-up setting circles 
or a computer GoTo system. Beware 
of the telescope's finderscope and cap 
it off if you are pointing near the Sun! 
Venus orbits the Sun in 225 days; take 
a picture every week to build up a 
library of each phase over this time. 
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Use a camera adaptor 
This lets you use a Barlow lens or an 
eyepiece to get the right magnification. 


Keep the same magnification 
Always use the same magnification for 
each shot. This will show the change in 
size of the disc of Venus. 


Use a small telescope 
Your telescope doesn't need to be big 
as Venus is very bright! 


Short exposure times 
As Venus is bright, exposures should be 
short - experiment to see what works. 


Protect your eyes 

Be careful when imaging Venus near 

to the Sun. Image as near to sunrise or 
sunset as possible to protect your eyes. 
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Capture the phases of Venus 


Improving your pictures 
It can be quite tricky to get sharp images of Venus... 


The atmosphere can make it difficult to get sharp 
images. Make sure you have good focus and that 

the telescope is sturdy, still and not jiggling in the 
breeze. You'll need to adjust the exposure time for 
each phase, but keep each shot as short as possible to 





Find a flat location and set up your equipment. 

Attach the camera to the telescope using the 
camera adaptor and make sure that it is sturdy and 
set up correctly. 


| Set up your equipment 


alleviate the effects of the atmosphere. Adjust the ISO 
to get the best image possible and take lots of shots. 
The atmosphere will affect some shots, but taking 
lots will improve your chances of getting a good one. 
Remember, take care when shooting near the Sun! 


Aim your telescope 
Point the camera and the telescope towards 


Venus. Make sure you cap off the finderscope 
if the planet is very close to the Sun and be careful 
not to cause any damage to your eyes. 
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Send your photos to 





Turn on the drive 
Switch on the drive and wait for it to settle 
before you start taking your series of images. 


Again, make sure that your equipment is well set up, 
sturdy and, most importantly, still. 





Set the exposure time 
Try to keep the exposure times for your shots 
as short as possible as Venus is very bright in 


the sky. You may need to increase the ISO value, but 
don't overdo it. 
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Take multiple shots 
Experiment with your settings and take lots of 


shots with varying exposure and ISO values to 
see what works best. This will improve your chances 
of getting a good image. 


Process your images 
You may have to adjust the contrast of your 
images to allow for the lighter sky during thin 


crescents. Process your images using photo editing 
software such as Photoshop and enjoy the results! 
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The Norther 
Hemuspnere 


Now in the midst of winter, astronomers are spoilt for 
choice as a wide selection of targets are readily available 


If you're hoping to get a new telescope 
over the holidays, you'll be in your 
element as popular night-sky objects 


make easy pickings for even instruments 


with modest apertures. With planetary 
conjunctions and a range of meteor 
showers on every observer's to-do list, 


nebulae and star clusters are particularly 


rich in the constellations of Orion and 
Monoceros - in particular, the Rosette 
Nebula and open star cluster NGC 1981 


This chart is for use at 1Opm (GMT) 
mid-month and is set for 52° latitude. 


a Hold the chart above your 
) head with the bottom of the 
page in front of you. 


a Face south and notice 
that north on the chart 
is behind you. 


en; The constellations on the chart 
should now match what you 
see in the sky. 


Magnitudes 


Sirius (-1.4) 
-0.5 to 0.0 
0.0 to 0.5 
0.5 to 1.0 
1.0 to 1.5 
1.5 to 2.0 
2.0 to 2.5 
2.5 to 3.0 
3.0 to 3.5 
3.5 to 4.0 
4.0to 4.5 
NK 





















































Variable star 





Using the sky chart 


in Orion's sword. Meanwhile, the white 
winter sparkler, Sirius - the brightest star 
in the constellation of Canis Major and 
the sky - is easy to spot without any 
optical aid, while its fainter companion 
star is comfortably visible using a good- 
sized scope. Look to the east and the 
constellation of Taurus, as the Crab 
Nebula and the Beehive Cluster will 
delight observers of the sky through 
December and into the New Year. 
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Open star clusters 


Globular star clusters 


Planetary nebulae 


Galaxies 





Deep-sky objects 


Bright diffuse nebulae 


PGA 
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Observer's note: , 
The night sky as it appears 

on 16 December 2016 at 

approximately 10pm (GMT). 
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Sonemyelele astrophotography in mS 


for a chance to see them feat 


Zofia Wolny 


Margate, Kent 
eee (okmece 
interested in 
astronomy for very 
- long, maybe about 
ig Pict memo nme el 
, I took this image 
sabi Como) nea Le)Ce thymine Cec) (hele pm: lw 
enjoy photography and travelling. 
The Aurora Borealis was definitely 
something I was looking forward to 
on the trip, and seeing it with my 
own eyes really amazed me. I'm 14 
years old now, so I have a long time 
to decide what I want to do when 
I'm older, but I'm sure it will be 
astronomy-related. I love the subject!” 


Sarah & Simon Fisher 


Bromsgrove, 
Worcestershire 
“For many years, 
_ we have taken 
_/ great delight 
and enjoyment 
in observing 
and Sraiseephine the incredible 
astronomical events that grace the 
night sky above us. During the ae 


as 


summer of 2016, we had the pleasure — — 


= 


of capturing Noctilucent Clouds, which [=== = 


Ne 8 ge 


= 


were visible in the deep twilight.We | es Ta 
were able to capture their ragged ——— 
appearance using our Canon 600D 

and using a 18-55mm lens." 
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Aurora Borealis over Iceland 


Noctilucent Clouds 
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Waxing gibbous Moon 
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Mars at opposition 






Mark Forbes 


Stockport, Greater 
Manchester 

iO Bera (cw atlon- te) 
interest in astronomy 
as far back as I can 
remember, but only 

in the past few years 
have I developed my interest into 

a hobby. My other interests include 
photography, so the two subjects have 
naturally combined. I consider myself 
to be a novice, as I am still very new 

to astrophotography, and there are 
many techniques for me to learn and 
practise. I also enjoy imaging the Moon 
and planets as well as the International 
Space Station and have recently started 
to learn how to image deep-sky objects, 
including galaxies and nebulae.” 
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Meade ETX90 Observer 


If youre looking for a telescope that reveals the wonders of the night sky at 
the press of a button, then this motorised instrument is ideal for you 


Telescope 
advice 


Cost: £650 

From: Hama UK Ltd 

Type: Maksutov-Cassegrain 
Aperture: 3.54" 

Focal length: 49.21” 


Best for... 


Beginner 
Medium budget 
. | Planetary viewing 
} Lunar viewing 
Bright deep-sky objects 


{ ® } Basic astrophotography 


The telescope is supplied with 
26mm and 9.7mm super plossl 
eyepieces, providing magnifications 
of 48x and 129x respectively 
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It's the time of year where some may 
be considering breaking into the 
hobby of astronomy and are looking to 
purchase their first telescope. If you're 
someone who likes to get observing a 
specific object as quickly as possible, 
instead of taking your time in finding 
your chosen target, then we can 
strongly recommend a GoTo scope, 
which are notorious for taking the fuss 
out of night sky navigation. 

The Meade ETX90 Observer is 
such a scope and features everything 
the beginner needs, including 
accessories such as a red dot finder 
and two 1.25" super plossl eyepieces 
of 26mm and 9.7mm, which provide 
magnifications of 48x and 129x 
respectively. The packaging provided 
by Meade Instruments is superb and, 
for a low cost in comparison to similar 
telescopes on the market, you get a 
hard carry case for the telescope tube 
and a ‘messenger’ bag for the stainless 
steel tripod. The ETX90 Observer can 
be taken to an observing site with 


wa 


minimum fuss and, if you're looking 
to travel light - and have a tabletop at 
your destination - you can leave the 
tripod at home. 

To the beginner, the setting 
up of the ETX90 Observer can 
look daunting, however - and as 
always with Meade's products - a 
comprehensive manual is supplied 
with the telescope. If you're unfamiliar 
with how motorised scopes work 
though, we recommend that you have 
a play around with the setup before 
you embark on a night of observing. 
A no-tool setup boasts convenience, 
meaning that you don't need to find 
any tools to put the ETX90 together. 


It took us less than half an hour 
to fully build the telescope. We were 
pleased to find that the overall build of 
the ETX90 is excellent, promising to 
last for years of astronomy, even with 
heavy use. With the nights drawing 
in early, a clear November evening 
provided the ideal opportunity to test 
the telescope's mettle on a selection 
of night-sky targets, particularly the 
motorised technology. The ETX90 
has a small aperture but a decent 
focal length, which combined with 
its Ultra-High Transmission Coatings 
(UHTC), makes it suitable for providing 
good views of the planets of the Solar 
System, the surface of the Moon and 


“The overall build of the ETX90O 


is excellent, promising to last for 
years of astronomy, even with 


heavy use" 
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The objective lens is covered in 
Ultra-High Transmission Coatings 
(UHTC) to provide crisp and clear 
views of night sky objects 
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The ETX90 is 
supplied with 
a fork mount, 
packed with 
the electronics 
needed for a 
fuss-free tour 
of the night sky 


bright 
naked- 
eye objects 
such as the 
Orion Nebula (M42), 

as well as close-up views of star 
clusters, including the Pleiades (M45) 
at magnitude +1.6 in the constellation 
of Taurus, and the Beehive Cluster 
(M44) in the constellation of Cancer 

at magnitude +3.7. The ETX90 comes 
with a built-in library of 30,000 
night-sky objects, however, it is worth 
mentioning that you'll be unable 

to see some of these targets due 

to the telescope's small aperture. 
Nevertheless, the ETX90 will slew to 
the target, allowing you to follow up 
with a larger aperture at a later date. 

Aligning the GoTo is a simple 
process, especially if you have done it 
a few times. However, on your first go, 
the system will ask for your location, 
time and date. Meade has ensured 
that the ETX series retains memory 
and, as such, you only need to enter 
these essentials on your first evening. 
When aligning, we used the compass/ 
level that slots into the eyepiece hole 
to ensure that the scope was sturdy 
for our observations, and then pointed 
the setup north. Turning on the 
telescope’s computer and selecting the 
‘easy alignment’ option, the ETX90 
responded rapidly and selected a 
bright star for alignment without 
intervention from us. 

Using the 26mm eyepiece, we 
centred the object in our field of view 
using the arrows on the control and 
‘approved’ it by hitting enter, before the 
motors turned the tube to a second 
star to ensure that the setup was fully- 
aligned. We were impressed with the 
ease of use and are certain that any 
beginner to astronomy will be able 
to use the ETX90's system with no 
problems at all. Of course, if you prefer, 
you can use the scope manually. 

Before we began instructing the 
ETX90 to slew to a chosen target, we 
decided to use its ‘tour feature’, which, 
as it suggests, chooses the best targets 
for you to observe on that evening. 

As the motors slew the tube, it also 
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gives you the opportunity to learn the 
names of some of the brightest stars in 
the sky - invaluable information that 
allows you to navigate constellations 
and the night sky as a whole. The 
motors use an internal battery and, 

on cold evenings, we found that 

the ETX90 seemed to ‘eat’ through 
batteries - we managed less than 
seven hours use before the batteries 
wore out. At such times, we had drive 
failure issues, which forced us to use a 
mains supply. If you are someone who 


likes to travel to remote locations, we 
recommend a car adapter cable that 
will allow you to plug it into a power 
port in your vehicle. 

Views of Mars, the Moon and the 
Orion Nebula were extremely pleasing 
for a beginner's scope and are sure 
to delight the entire family. The 
telescope's optics also split double 
stars very well - as we found when we 
turned the ETX90 to Alcor and Mizar 
in the constellation of Ursa Major. 
While we had to turn the focuser a lot 
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The overall setup of the ETX90 is sturdy 
and surprisingly light for good portability 


to get suitable views, it allows you to 
fine-tune your field of view, ensuring 
that the very best sights of the night 
sky are achieved with the setup. 

For the price, the ETX90 Observer 
is value for money, especially when 
the overall build, accessories and the 
views are considered. A great starter 
scope, which doesn't require a great 
deal of knowledge of astronomy to use, 
this excellent instrument is also ideal 
for entry-level astrophotography and 
webcam video astrophotography. 
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OLIVON PC3 10x56 
BINOCULARS | PaO) 


Embark on a fuss-free tour of the night sky with this month's prize 


Ideal for those who are just breaking To be in with a chance of winning, 


into the hobby of astronomy, or forthose —_—_aJ] you have to do is answer this question: 
who are looking to add to their existing 


kit for a fuss-free observing experience, 

the Olivon PC3 10x56 binoculars offer 

splendid views of both the universe 

and terrestrial wildlife. Featuring Bak4 

prisms along with a silver coating, these rE Mati ere tle (The Fox) 
rugged, easy-to-handle binoculars deliver 


exceptionally crisp, clear and bright views 1S Oj ae) Major (The Chae Li Bear) 
of a selection of targets, from the surface 


of the Moon and the naked-eye planets, C; Taurus (The Bull) 


to star clusters and bright nebulae. 
Equipped with a rubber coating and 









filled with nitrogen gas, the Olivon PC3 Oia Cy of: Ba 
10x56s are able to withstand observations oe 
in a variety’of locations and weather OPTICAL a , : aia 
conditions, making them versatile and ae A 4 aL A 4 3 \ ~~ 
suitable for any occasion. } Se 
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Enter via email at allaboutspace@imagine-publishing.co.uk 
or by post to All About Space competitions, Richmond House, 
33 Richmond Hill, Bournemouth, BH2 6EZ = 


Visit the website for full terms and conditions at www.spaceanswers.com/competitions ~~ 
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: ’ ound myself thoroughly enjoying To e book is fast-paced, even wi 
imaging. 17th century epgcs oe : 7 Defend the Earth. It's part mihtary some lengthy, detailed battle sequences... 
B&B. €50 per person. Fs : te 3 ‘F ae history, part sci-fi short story collection The stories, while perhaps incorporating 
60 minutes to historic ~~ — that takes a behevable approach to a elements from other alien invasion 
Luxembourg, 30 minutes to the battlefields of Verdun. mbit Dre — 

; : : : gives us a glimpse into a cross section o imaginative... 
Protected dark skies in Lorraine National Park. Sp EMV OLE th catters.” leer veo! 
Weekend breaks & holidays. -WWPD.net 


William Stroock 


17 come, Ta Bs Perey oo en Dene SY ceo Co ot 


scenario as fantastic as ahen invasion and stories and movies, seemed fresh and 


Available at 
Please contact Matt: observatoryt83@gmail.com ar’ 7 sm 
4. ,-amazon 


+352 621 291849 http://observatoire.t83.free.fr 2 Wey 


— 





Established for (, 

over 7/0 years. | 
Sherwoods are one of 8 

the Midlands leading _. 
specialists in Night 

Vision, Binoculars 

and Astronomical 

Telescopes. 

At our new showroom now 
open at the Arden Centre Little 
Alne (nr Henley in Arden), we 
display optics from the world’s 
leading manufacturers. 


The Arden Centre Little Alne 
Wootton Wawen 
Warwickshire B95 6HW 
Tel. 01789-488880 


Check out our website for latest 
offers and full product range. 


Telescopes & Binoculars 


Well stocked showrooms * Mail Order Service * Online Catalogue 


Friendly Advice & Support For All 


North | South 
3 High Street | Greenwich House 
Birstall | 2 Bakers Court 
Batley | Great Gransden 
West Yorkshire | Sandy, Beds 
WEI JESS G17 Ser 
01924 477719401767 677025 


Ei facebook.com/green.witch.south 
WwW @GreenWitch4 


www.green-witch.com 





cc wu Home Counties Astronomy Specialists 
01442 822997 
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IN STOCK NOW! 


Celestron Astro Fi 
Range of Telescopes 
with integrated WiFi 


Call us for more details i 
on 01 ee 432702 
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~ Part exchange welcome : We buy & sell used telescopes 
- Full service and repair facilities 








Castle Road, Sittingbourne, Kent ME10 3TB 


& en our shop at Unit A3, St George’s Business Park, 
www.fltelescopes.co.uk 
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In the shops §p; 


The latest books, apps, software, tech and 
accessories for space and astronomy fans alike 








Pau! Sutherland 
Book 
Philip's Essential Guide To Space 
Cost: £14.99 (approx. $18.70) 
From: Waterstones 
Up-to-date and beautifully illustrated, Philip's Essential Guide 
To Space is sure to be a winner for children (and even their 
parents!) interested in the universe. Printed in a large format 
and written by space journalist, Paul Sutherland, this 
hardback book flows in a thoughtfully chronological 
order, leading the reader through the early days of 
manned space exploration - most notably the Apollo 
Moon landing missions - before exploring the 
planets of the Solar System and out into the wider 
universe. Vibrant to look at and very well researched 
and written, Sutherland has packed - what appears 
to be a small amount of text - with essential and fun 
information about space. 

Specific subjects are addressed in two-page 
‘sections’ that make it an accessible and largely 
digestible read, ideal for dipping in and out of with 
ease. We particularly enjoyed the interesting snippets of 
information on several of the spreads, which are sure to 
interest the younger audience and makes this book an even 
more enjoyable read. We're even going to go as far as to say — 
that - even if you don't have an interest in space - Philip's 
Essential Guide To Space is sure to be the book that you won't e. 
be able to put down. It's a massive thumbs up from us here at 
All About Space! 









SkEye Pro 
Cost: £4.73 ($6.00) 
From: Google Play 
An advanced planetarium for the astronomer, 
whether youve a beginner or have been touring the 
night sky for years, SkEye is the perfect companion 
for navigating the night sky. What's more this 

app - which can be downloaded to any Android 
device - is unique in the sense that you can strap 

it to a telescope or a pair of binoculars, allowing 
you to tour the night sky with the app and your 
instrument combined. A ‘simpler’ version of SkEye 
is also available as a free app for Android and Kindle 
Fire HD users. SkEye's interface is smooth, as is its 
ability to track objects in the night sky. It is also quick 
at finding your favourite targets and, in comparison 
to other free apps, SkEye is very good at geo-aligning 
with accuracy and ease - something that beginners 
to astronomy will be extremely grateful for. In an 
attempt to cater for a wide audience though, the 

app has its drawbacks. Many of the Messier objects 
(galaxies, star clusters and nebulae) we found didn't 
have a great deal of information about them built into 
the app, something that may put off some users. If 
this doesn't bother you though, SkEye certainly holds 
its own when navigating the night sky. 
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Stellarium 0.15.0 


Cost: Free 

From: www-.stellarium.org 

There are a lot of planetarium software packages on the 
market, but very few are free. If you're an astronomer, then 
you'll most likely be aware of the open source programme, 
Stellarium. If you have never heard of it, then read on, because 
it may very well be the planetarium software you need to help 
with your observations of the night sky. Despite being basic, 
this is part of Stellarium's appeal: it’s intuitive to use, there 

are online instructions and provided you have broadband, it's 
quick to download. You'll be using it in no time and it very 
helpfully automatically detects what your video settings are on 
your computer and sets your display accordingly, taking the 
complexity out of using astronomy software. 

Stellarium works in real time, meaning that the software's 
‘sky' changes in real time too. It’s also able to change the 
colour of the horizon as the Sun begins to set, to create a 
realistic feel. You also have the option of ‘linking up’ the stars 
to form the constellations both artistically and with simple 
lines, allowing the user to practice star hopping and locating 
objects before they head out for an evening under the night 
sky. While it’s not possible to link the software to those run 
by today’s GoTo systems, we don't think this is a drawback 
- it allows the user to learn the sky the old-fashioned way, 
which makes observing all the more fun. 


Olivon PC3 10x56 

Cost: £349 (approx. $430) 

From: Optical Hardware Ltd 

If you're looking to get into astronomy but a telescope isn't 
of interest to you and you're looking for a more portable 
option, then the Olivon PC3 10x56 binoculars could be 
right up your street, especially if your budget isn't too 
tight. Lightweight with a compact open-bridge design, the 
Olivon PC3 binoculars are ideal for carrying around for 
hours during a busy outdoor day and can be hand-held for 
a long time as you scan the heavens. What's more, these 
10x56s are ideal for any weather, they are nitrogen-filled, 
which makes them both waterproof and fog-resistant. 
While similar and cheaper binoculars exist on the market, 
the Olivon PC3 series are of very good build quality. Twist 
eyecups are made for superior use, while tethered eyecups 
ensure that you don't lose the protective features of the kit 
- something many owners of binoculars have grumbled 
about in the past. A ten-year manufacturer guarantee 
provides a safety net for those who are uncertain on 
splashing the cash on these binoculars. Putting them to 
the test, the Olivon PC3 binoculars are comfortable to hold 
and use for short periods of time. They are better suited 
for lunar observations and general views of the planets, 
naked-eye star clusters and nebulae, making them ideal 
for those who have an interest in casual observations of 
the night sky to compliment other outdoor activities. 
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Churyumov was a lecturer and ~ 
president of the Ukranian Society 
of Amateur Astronomy ~~ +s355— 
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The astronomer who co-discovered 
Comet 67P later visited by Rosetta 


When the Rosetta probe crash-landed 
onto the icy surface of Comet 67P on 
30 September this year, it brought 
the physical part of the European 
Space Agency (ESA)’s successful 

and ambitious mission to its most 
stunning conclusion, 12 years after 

it was launched. But as important as 
Rosetta proved to be to science, for 
Klim Churyumoyv, it heralded a very 
personal landmark. That's because 
he had helped to discover the comet 
47 years ago, along with fellow 
researcher Svetlana Gerasimenko. 

In 1969, the pair had been working 
in an astrophysical laboratory in what 
was then known as the Kazakh Soviet 
Socialist Republic (known today 
as Kazakhstan). Churyumov was 
studying Gerasimenko’'s photographic 
plates of Comet 32P/Comas Sola when 
he noted an object close to the edge 
of the image. Thinking it could either 
be 32P/Comas or a second comet-like 
object making its way through the 
night sky, he took the plate to Kiev in 
order to look at it in greater detail. 

It didn't take him long to confirm 
his hunch and the comet became 
known as 67P/Churyumov- 
Gerasimenko, following the 
convention of naming comets after 
their discoverers. Churyumov was 
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understandably delighted and yet, 
the discovery was by no means the 
culmination of a lifetime's ambition. 

In fact, the keen sportsman and 
poet, born in Nikolaev, Ukraine on 
19 February 1937, actually found 
himself studying astronomy almost 
by accident. After relocating to Kiev 
with his family at the age of 12, he 
developed a passion for theoretical 
physics. However, the authorities 
at Kiev University, where he would 
study physics, did not approve, so 
when places became available in the 
faculty of astronomy, he ended up 
being moved there instead. 

The work led to him operating 
from observatories across the 
southern Soviet Union, including the 
Institute of Astrophysics in Alma- 
Ata, Kazakhstan, but at no point did 
he ever regret his introduction and 
move into astronomy. Perhaps that is 
because he made such a great career 
out of it, becoming a household 
name in Ukraine thanks to numerous 
television appearances where he 
discussed astronomy. He also penned 
many hundreds of articles and 
wrote numerous scientific books. 
Throughout his life he was keen 
to popularise science and make it 
accessible to the wider population. 





© Daniel Roland; AFP; Getty Images 





What's more, his discovery of 
Comet 67P was not his only major 
scientific success. He discovered an 
asteroid on 8 August 1978, which 
was named 2627 Churyumoyv, and in 
1986 he found a non-periodic comet, 
this time with Valentin Solodovnikov. 
That one became known as C/1986 
N1 (Churyumov-Solodovnikov), but 
it was the first comet he discovered 
that would truly make his name, 
thanks to ESA selecting it as Rosetta’s 
target in 2003. Surprised but excited, 
Churyumov followed the much- 
publicised mission to this rubber-duck 
shaped object with great interest. 

Sadly, Churyumov died just two 
weeks after the orbiter crashed into 
the comet, passing away in the night 
of 13 October 2016 at the age of 79 
while in hospital in Kharkiv, Ukraine, 
but his legacy will certainly live on. 
Fiercely passionate about studying 
comets, which he saw as being a great 
way to glimpse the past due to their 
retention of the primary substances 
present at the birth of the Sun and 
planets, he contributed greatly to 
astronomical life in Ukraine. 

Latterly, he had taken up a 
prestigious position as director of the 
Kiev Planetarium - an educational 
centre - and he had also won awards, 
including the Order of Merit, while 
becoming the Corresponding Fellow 
of the National Academy of Sciences 
of Ukraine in 2006. 

With scientists continuing to 
analyse data from Comet 67P, who 
knows what fresh information will be 
found in his name? 
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Astronomy on the Go 


Ultra-compact, lightweight designs and travel cases 
open a world of endless viewing opportunities. 


Tabletop or Tripod Mounted Reo ae a... kee 
Alternate between mounts within minutes for SS ie oo Se Sa a : 

instant adaptability to any situation or viewing 

platform. 


30,000 Celestial Objects at the 


Touch of a Button 

Integrated AudioStar GoTo controller allows effortless 
navigation of the skies with fascinating audio 
accompaniment. 
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Sky-Watcher is a First-Class telescope brand offering an incredible range of high-quality astronomical telescopes and 
accessories, catering for users of all age groups and abilities, from the novice right up to the serious advanced astronomer. 
Sky-Watcher astronomical telescopes perfectly integrate modern optical technology with precision mechanical engineering, 
resulting in designs of suberb functionality, versatility and uncompromising levels of performance. 


130mm (5.1") F/900 NEWTONIAN REFLECTOR TELESCOPES 


* Magnifications (with optics supplied): x36, x72, x90,x180 © Highest Practical Power (Potential): x260 » Diameter of Primary Mirror: 130mm 
* Telescope Focal Length; 900mm (f/6.92) * Eyepieces Supplied (1.25°): 107m & 25mm «x2 Barlow Lens *30% more Light Gathering than 114mm 
«R.A, Motor Drive With Multi-Speed Handset (Explorer-130M only) ©Red Dot Finder * EQ? Equatorial Mount * Aluminium Tripod with Accessory Tray 


PARABOLIC REFLECTORS — PREMIUM FEATURES 

Both the SKYHAWK-1145P & EXPLORER-130P models below offer excellent all-round performance on 
The Moon, Planets & Deep Sky Objects. They feature premium quality Parabolic Primary Mirrors to 
eliminate spherical aberrations, producing even sharper, higher-contrast images which are full of 
detail. A “Paraboloidal” mirror is ground to a complex shape which brings all incoming light rays to 
a perfect focus, on axis. In addition they feature 0.5mm Ultra-Thin secondary mirror supports, to reduce 
diffraction spikes and light loss. 


114mm (4.5") F/500 
PARABOLIC NEWTONIAN REFLECTOR TELESCOPE 


« Magnifications (with optics supplied): x20, x40, x50, x100 
* Highest Practical Power (Potential): x228 

* Diameter of Primary Mirror: 114mm 

* Telescope Focal Length: 500mm (f/5) 

«Eyepieces Supplied (1.25°): 10mm & 25mm 

«x2 Barlow Lens © Parabolic Primary Mirror 

«0.5mm Ultra-Thin Secondary Mirror Supports 

* Red Dot Finder Prod.Code 10709 
*EQ1 Equatorial Mount 

* Aluminium Tripod with Accessory Tray 
© 125% more Light Gathering than 76mm 
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Explorer-130 Model 













f “The optics were so good... Gaptures star clusters and brighter’, 
/ i 1 
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Explorer- 1 30M beautiful, with a host of tine detail visite le review 


instrument certainly delivered in every important respect 


ee usiraten \ BBC Sky at Night Magazine 


EXPLORER-130 
(Without A.A. Motor Drive) 
Prod.Code 10922 


130mm (5.1") F/650 PARABOLIC NEWTONIAN 
REFLECTOR TELESCOPE 


« Magnifications (with optics supplied): x26 & x65 
* Highest Practical Power (Potential): x260 

* Diameter of Primary Mirror; 130mm 

* Telescope Focal Length: 650mm (f/5) 

« Eyepieces Supplied (1.25"): 10mm & 25mm " mo ah. 

« Parabolic Primary Mirror 2 - i . sb 
*0.5mm Ultra-Thin Secondary Mirror Supports _ 
«Red Dot Finder * EQ? Equatorial Mount 

* Aluminium Tripod with Accessory Tray 

«30% more Light Gathering than 114mm 


EXPLORER-130M 
(With A.A. Motor Drive) 
Prod.Gode 10713 





Every class of object we viewed could ¥ 
be seen clear arly faking everything into 
fc ount, this telescope made observing 

he night sky enjoyable... great views 
{ cunied with ease of use | 


BBC Sky at Night Magazine 


Prod.Gode 10712 ei As 


COMPREHENSIVE COLOUR CATALOGUE with 
Full Details of our EXTENSIVE PRODUCT RANGE 
4 have used a great number of as well as Helpful Information & Advice 


telescopes; some are good, some 
mediocre and some bad. To me the 
Sky-Watcher range of instruments 





Order Your FREE Copy Today 








are very good indeed, & suited to x 
amateurs of all kinds - and they are y | was most impressed by the views revealed by the ‘scope 
not priced out of the market! 7 | du iring tests... Despite a phase of nearly 96 percent, the | 
Fycellent value oad waxing gibbous Moon revealed a ane) inexhaustible 
Use them and enjoy them.” amount of fine detail... Highly recommended! 





| Sir Patrick Moore CBE FAS (1923-2012) \ Seleeneaty Now Magazine A 





Our Products are Available from Dealers throughout the UK OOn/7 t_ Please contact us, or Check our Website for your Nearest Stockist 
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Ure RL Astronomical Telescopes, Helios, Acuter, 


WOOLPIT. BURY ST. EDMUNDS www.opticalvision.co.uk Barr and Stroud Binoculars & Spotting Scopes 
SUFFOLK IP30 9UP www.barrandstroud.com and ‘Zenith’ Microscopes. 





